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ABSTRACT 
Agricultural soil harbours a large number of plant 
pathogenic organisms of which plant parasitic nematodes are of 
great significance. These nematodes impart devastating 
consequences on important food, fibre, vegetable and ornamental 
crops. The representative of the genus Meloidogyne are among the 
most destructive creatures among all the plant parasitic 
nematodes. Agreement of world wide crop loss to this genus 
alone is estimated to be 50%. The root-knot nematode Meloidogyne 
incognita causes morphological, anatomical and physiological 
changes of the affected tissues in plants. These involve root 
galling, giant cell formation and disruption in translocation of 
water and mineral nutrients. The juveniles of M. incognita 
penetrate the young roots, migrate intercellularly (and/or 
intracellularly) and induce giant cells in the zone of vascular 
differentiation. Undifferentiated phloem elements may be the 
initial targets of infection. In the galled region, vascular system 
may get disturbed due to giant cell formation and simultaneous, 
hypertrophic and hyperplastic reactions. An increase or decrease 
in population levels of M. incognita may affect plant growth as 
well as nematode development. 
The entire experimental work has been divided into three 
sections. First Section deals with giant cell development, gall 
formation and abnormal vascular tissue differentiation. Second 
Section with the pathogenicity in which the effects of different 
inoculum levels of M. incognita on plant growth, yield and root 
gall anatomy; and on chlorophyll and oil content were studied. 
Third section is involved with the effects of fly ash amended soil 
on plant growth, yield, chlorophyll and oil content. These 
experiments were performed with fly ash only and in combination 
with M. incognita. 
The galled roots, collected at fixed intervals of time, were 
sectioned and examined under light microscope. Hypertrophy and 
hyperplasia were observed after 24h of inoculation and some 
enlarged cells with enlarged nuclei were observed near the body 
of the juvenile. After 48h of inoculation, the giant cells became 
conspicuous with dense and granular cytoplasm. In some giant 
cells the nuclei were large enclosing enlarged nucleoli. The giant 
cells were also having relatively thick walls. The giant cells 
changed their shape from elongated to globular after 72h of 
inoculation. The cell walls of giant cells became very thick. After 
six days of inoculation, swellings in the roots appeared that 
assumed the shape of galls. The size of giant cells, nuclei and 
nucleoli also increased. The size of giant cells increased 
enormously, nine days after inoculation. The nuclei also varied 
considerably in shape such as globose, ovoid, elongate, triangular 
and even amoeboid. Several giant cells also disrupted the normal 
arrangement of cells. The giant cells attained their largest size 
after fifteen days of inoculation. The size of nuclei also increased 
enormously. In some cells the nuclei were found assembled in the 
form of a bunch. After 21 days of inoculation the giant cells 
became very large, enclosed dense and granular cytoplasm, and 
contained highly enlarged and lobed nuclei. The giant cell 
cytoplasm and the nuclei took heavy stain. Some of the giant cells 
having no cytoplasm were observed after 27 days of inoculation. 
Meloidogyne incognita also caused the development of large 
sized galls on the roots of O. sanctum. These galls were formed as 
a result of giant cell formation, hypertrophic and hyperplastic 
reactions around the giant cells, and finally the nematode 
development. Disturbance in the arrangement of vascular strands 
was noticed 72h after inoculation disruption in vascular strands 
was found after six days of inoculation. Abnormal vessel elements 
resembling with the shapes of neighbouring parenchyma cells also 
appeared six days after inoculation. After nine days of inoculation 
hypertrophied parenchyma cells in the infected root were found 
transforming into vessel like elements. The transforming vessel 
like elements were having very thick secondary wall depositions. 
The abnormal vessel elements of different shapes and sizes were 
found fifteen days after inoculation. After 21 and 27 days of 
inoculation, the giant cell complex was found completely 
surrounded by abnormal vessel elements. The giant cell formation 
was initiated in the region of undifferentiated phloem. All the 
giant cells were connected with the phloem strands through 
abnormal sieve tube elements. 
To study the effects of different inoculum levels of M. 
incognita on plant growth and yield, seedlings were inoculated 
with 5,50, 500 and 5,000 juveniles per plant. Lower inoculum 
levels (i.e. Pi=5 and SOJz) did not show any significant changes 
over control. Higher inoculum levels (Pi=500 and 5000 J2), 
however, exhibited significant reductions in plant growth as well 
as in yield. At higher inoculum levels, the number of galls per 
plant, size of the gall and the number of mature females per plant 
were higher. 
The juveniles that entered the roots established a successful 
host parasite relationship by inducing giant cells. The second-
stage juveniles also led to the induction of 6-8 multinucleate giant 
cells. The giant cells were induced in the phloem region. There 
were great variations in the size of the giant cells. At lower 
inoculum levels, the nematodes and the giant cells were found at 
one or two places. At higher inoculum levels, the giant cell 
complexes and the nematodes associated with them were located 
in the cortex and in parenchymatous rays. The giant cell 
cytoplasm was dense and more granular at lower inoculum levels 
than at higher inoculum levels. The number of nuclei was also 
higher at lower inoculum levels than at higher inoculum levels. 
The nuclei were amoeboid, circular and oval in shapes at lower 
inoculum level but at higher inoculum level, the shape of nuclei 
was generally amoeboid. Distortion in orientation of xylem 
strands occurred as a result of nematode infection. The amount of 
abnormal xylem was higher at higher inoculum levels than at 
lower inoculum levels. Similarly the phloem strands were less 
distorted at lowers than at higher inoculum levels. 
To observe the effects of root-knot nematode, M. incognita, 
on growth, chlorophyll and oil contents of O. sanctum, the plants 
were inoculated with different levels of inoculum. The reductions 
in growth, chlorophyll and oil content were non-significant at 
lower levels, but at higher levels, the plants showed retarted 
growth. At higher inoculum levels, a large number of fibrous 
roots emerged from the normal primary, secondary and tertiary 
roots. The chlorophyll, and oil content of leaves also decreased 
significantly at higher inoculum levels. 
To observe the effects of particulate air pollutant, fly ash on 
plant growth, yield, chlorophyll and oil content of O. sanctum, the 
plants were grown in pots amended with different levels (10, 20, 
30, 40 and 50% v /v ) of fly ash and the experiment was carried out 
on for three years. It was observed that the plants of O. sanctum 
responded differently to soil amended with varying levels of fly 
ash. In the first year experiments, enhancement in growth, yield 
and other parameters, in comparison to control was observed in 
plants, grown in soil amended with 10% (Ti) 20% (T2), 30% (T3) 
and 40% (T4) fly ash with 30% fly ash level showing maximum 
increase in all parameters. At 50% fly ash level, significant 
(p<0.01) reduction was observed in all the parameters. 
In the second year, non-significant increase in all parameters 
in comparison to control was observed at 10% and 20% fly ash 
level whereas significant (p<0.005) increase occurred at 30% fly 
ash level. The plants grown at 40% fly ash level showed non-
significant reductions and at 50% fly ash level, significant (p<0.01) 
reductions were noticed in all parameters. In the third year, in 
comparison to control, reductions in all the parameters were 
recorded in all treatments. The reductions were non-significant at 
lower fly ash levels (10%, 20% and 30%) and significant (p<0.01) at 
higher levels. 
To observe the effects of fly ash amended soil on root-knot 
development and plant growth, the plants were grown in pots 
amended with different levels of fly ash and were inoculated with 
2,000 juveniles of Meloidogyne incognita. This experiment was also 
carried out for three consecutive years. 
The data of first year of experiment exhibited significant 
reductions (p<0.01) in growth, yield, chlorophyll and oil content 
of leaves, in comparison to control. The reductions, however, were 
maximum in M. incognita inoculated plants grown in unamended 
soil. An enhancement in growth, yield and other parameters was 
observed in all fly ash amended treatments when comparisons 
were made with inoculated control (C2) plants grown in 
unamended soils. Highest increase in all parameters occurred in 
plants inoculated with M. incognita and grown at 30% fly ash 
level. 
From the results of second year experiments, it was revealed 
that significant reductions occurred in growth and other 
parameters, when comparisons were made with uninoculated and 
unamended control (Ci), plants. The reductions were again 
maximum in M. incognita inoculated (C2) plants grown in 
unamended soil. The inoculated plants grown in different levels 
of fly ash amended soils, however, exhibited an increase in all 
parameters, when compared with inoculated control (C2) plants. 
Maximum increase in all parameters was again noticed in (T3) 
plants inoculated with root-knot nematode and grown at 30% fly 
ash level. 
The results of third year experiments revealed that in all the 
treatments reductions in the parameters occurred, when compared 
with uninoculated and unamended control (Ci) with C2 plants 
again showing maximum reduction. When comparisons were 
made with inoculated control (C2) plants, it was observed that 
increase in all the considered parameters was noticed in all fly ash 
amended treatments (Ti to T4) but the increase was significant 
(p<0.05) only in T3 plants inoculated with nematode and grown at 
30% fly ash level. The T5 plants inoculated with nematode and 
grown at 50% fly ash level showed reduction in comparison to 
inoculated and unamended control (C2) When the comparison of 
results was made for three consecutive years, it was observed that 
there was no marked difference in the results of both the control 
plants (Ci and C2) in three years. Each treatment when compared 
year wise, exhibited reduction in all the parameters (growth, 
yield, chlorophyll and oil content) in the third year of experiment 
in comparison to first year experiment. Maximum reduction in all 
the parameters was observed in M. incognita inoculated plants 
grown at 50% fly ash level (T5) in third year of experiment. 
When the effect of different fly ash amendments was 
observed on the development of root-knot nematode, it was found 
in all the experiments of three years, the number of galls, number 
of egg masses and the dimensions of the mature female (i.e. body 
length and width, neck length and width, stylet length and width 
and median bulb length and width) exhibited reductions in all fly 
ash amended treatments, when compared with M. incognita 
inoculated (C2) plants grown in unamended soil. The reductions 
in all nematode parameters were more prominent in T5 plants 
(inoculated with nematode and grown at 50% fly ash level) in the 
third year experiments and showed maximum reduction. 
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INTRODUCTION 
Herbal medicines have been in use since time immemorial 
and are still a vital component of our national and medical 
heritage. For a long time, herbs have been prized for their pain 
relieving and healing attributes, and even today we still rely on 
the curative properties of plants in about 75% of our medicines. 
It has been estimated by WHO that 80% of the earth's six billion 
inhabitants rely upon the traditional medicines. Therefore, 
medicinal plants occupy an integral position in our socio-
cultural lives. Over the centuries, societies around the world 
have developed their own traditions to make sense of medicinal 
plants and their uses. Some of these traditions and medicinal 
practices may seem strange and magical, others appear rational 
and sensible but as a matter of fact these attempts are to 
overcome illnesses and sufferings, and to enhance the quality of 
life. Yet despite the dramatic advances and advantages of 
conventional medicines, or biomedicines as these are also 
known, it is clear that herbal medicines have much to offer. We 
tend to forget that in all but the last fifty years or so, humans 
have relied almost entirely on plants to treat all manner of 
illnesses, from minor problems such as cough and cold to life 
threatening diseases such as tuberculosis and malaria. 
The increasing trend of awareness towards the utility of 
medicinal plants has necessitated compilation of recent 
developments in this field. The variety and sheer number of 
plants with therapeutic properties are quite astonishing. It has 
been assessed that around 70,000 plant species, ranging from 
lichens to towering trees, had been used at one time or the other 
for medicinal purposes. Today, the manufacturers of herbal 
medicines in the advanced western countries are still making 
use of at least a thousand indigenous European plants as well 
as several thousand species native to America, Australia and 
Africa. In Ayurveda (an Indian traditional system of medicine) 
about 2,000 plant species are considered to have medicinal 
properties, while the Chinese pharmacopoeia lists over 5,700 
traditional medicines, most of which are of plant origin. 
The genus Ocimum is an aromatic herbaceous plant used 
in perfumery, flavouring and pharmaceutical products (Khosla, 
1995). Several species of Ocimum like. O. basilicum Benth, 0. 
canum Sims, 0 . gratissimum L., O. kilimandscharicum Guerka, O. 
sanctum L. are among some of the highly priced economically 
important medicinal and aromatic plants (Haseeb et al., 1998). 
Ocimum sanctum, commonly referred as Tulsi (meaning 
matchless), has some unique medicinal properties. It is an erect, 
herbaceous, much branched, pubescent, annual, 30-75 cm tall 
plant. It belongs to the family Labiatae (Lamiaceae) and is 
found throughout India from Andaman and Nicobar islands to 
Himalyas upto 1,800m altitude. The leaves are elliptic oblong, 
acute or obtuse, entire or serrate, pubescent on both sides, 
minutely gland dotted. The flowers are purplish or crimson, 
arranged in verticellasters. The nutlets are sub-globose or 
broadly ellipsoid, slightly compressed, nearly smooth, pale 
brown or reddish, with small black markings. 
In Ayurveda (The indigenous system of medicine in India 
is known as Ayurveda [Ayu means life; veda means knowledge] 
which is the science of living and longevity), O. sanctum is 
considered to have a wide range of uses such as in relieving 
fever, bronchitis, asthma, stress and mouth ulcers. Different 
parts of O. sanctum have been used in folk medicine as an anti-
inflammatory remedy for the treatment of acute and chronic 
inflammations (Singh et al., 1995). O. sanctum is commonly 
grown in gardens and is frequently found as an escape. The 
plant is held sacred by Hindus all over India and is frequently 
propagated in their courtyards, kitchen gardens and in the 
temples. At least two varieties of O. sanctum are met with in 
cultivation: the Sri tulsi with green leaves, which is the most 
commonly grown variety and the Krishna tulsi with purplish 
leaves. Ocimum sanctum is susceptible to powdery mildew 
(Oidium sp.), seedling blight (Rhizoctonia bataticola (Taub) 
Butler) (Gupta et al., 1942, Rakshit, 1939-40, Mahmud, 1950-51, 
Desmukh and Mahmud, 1950-51), and root-knot disease caused 
by Meloidogyne incognita. It is an essential oil bearing plant and 
commands a superior position in pharmaceutical industries 
because of its antihelmentic, alexipharmic and antipyretic 
properties (Haseeb et al, 1999). 
The oil is reported to possess antibacterial and insecticidal 
properties. It inhibits in vitro growth of Myohacterium 
tuberculosis and Micrococcus pyogenes var. aureus. Towards 
antitubercular activity, it has about one-tenth potency of 
streptomycin and one fourth of isoniazid. Rajendhran et al. 
(1998) detected the antibacterial activity of O. sanctum against 
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa 
and Klebsiella sp. Sinha and Verma (2002) tested antifungal 
activities of different plant extracts including O. sanctum 
against Colletrotrichum capsici and reported encouraging results. 
The oil obtained from the green variety is active against 
Salmonella typhosa, and the alcohol extracts of leaves are active 
against Escherichia coli (Gupta and Viswanathan, 1955, Gupta et 
ah, 1942, Chopra et ah, 1941, Joshi and Magar, 1952, George et 
al., 1947). Ethanol extract of O. sanctum has shown fungitoxic 
properties against five pathogenic fungi {Alternaria brassicola, 
Colletotrichum capsici, Fusarium oxysporum, Rhizoctonia solani and 
Sclerotinia sclerotiorum (Shivpuri et al., 1997). 
The plant O. sanctum is used as a pot herb and its leaves 
are consumed as a condiment in salads and other food items. 
Besides the volatile oil, the plant is reported to contain some 
alkaloids like glycosides, saponins and tannins. The leaves 
contain ascorbic acid and carotene (Basu et al., 1947, Uphof, 
1954). The leaf extract possesses diaphoretic, antiperiodic, 
stimulating and expectorant properties. It is used in bronchitis; 
applied to the skin to cure ringworm and other cutaneous 
diseases; and is dropped into the ear to relieve earache. An 
infusion of the leaves is used as stomachic in gastric disorders 
of children. A decoction of the root is given as a diaphoretic in 
malarial fevers. The seeds are mucilagenous and demulcent, 
and are given in disorders of genito-urinary system. They 
contain antistaphylocoagulase which can be extracted with 
water and alcohol (Kirt and Basu, III 1966-67; Bhat and Broker, 
1954). The fixed oil of O. sanctum has been found to possess 
significant antiulcer activity against aspirin, indomethacin-, 
alcohol-, histamine-, reserpine-, serotonin- and stress induced 
ulceration in experimental animal models (Singh and Majumdar 
1999). Chauhan (2002) has recently found anti HIV activities of 
Ocimum and other plants which are immunostimulant and can 
be used in the treatment of AIDS. 
The soil, in addition to supporting plants, harbours a 
large number of plant pathogenic organisms such as bacteria, 
fungi, insects and nematodes. Nematodes constitute, a largest 
and ubiquitous group of invertebrates highly diversified with 
representatives in almost every kind of environment. They 
occur in unimaginable numbers and show great variation in 
size and structures. A large number of nematode species are 
parasites of different kinds of plants and animals. The literature 
on host-parasite relationship between nematodes and medicinal 
plants, in general, and between root-knot nematode and O. 
sanctum, in particular, is scanty. Das and Das (1986) reported 
lesion nematode Pratylenchus coffeae from O. sanctum. 
Root-knot nematodes, Meloidogyne spp. are major pests of 
many important cash crops, including medicinal and aromatic 
plants (Sasser, 1979; Haseeb, 1994). The root-knot nematodes 
Meloidogyne incognita (Kofoid and White) Chitwood and 
Meloidogyne javanica (Treub) Chitwood have been reported to 
cause severe losses to different species of Ocimum (Haseeb et al., 
1993, 1996; Haseeb, 1994). The association of M. incognita with 
Ocimum along with the other plants has also been mentioned by 
Sheela et al, (1996). 
The earliest host response in root-knot nematode infection 
is the formation of discrete galls on the roots of host plant. 
Molliard (1900) observed galls on the roots of melon, Coleus and 
Begonia and reported that after invasion, the root tip growth 
may be arrested and lateral roots frequently developed near the 
site of invasion. 
Davis and Jenkins (1960) reported gall formation in 
Gardenia spp. infected with M. incognita and M. hapla in which 
cortical and stelar proliferation accompanied all infections. 
Schuster and Sullivan (1960) found galls in tomato caused by M, 
incognita larvae even when they did not enter the roots. The 
stylet penetrated the root surface cells and secreted materials 
that stimulated host tissue to form galls. M, javanica infection 
on soybean roots caused hypertrophy, hyperplasia and giant 
cell formation in the tissue surrounding the head that 
consequently led to gall formation (Ibrahim and Massoud, 
1974). According to Siddiqui and Taylor (1970) gall formation is 
attributed to hypertrophy of the cortical cells, xylem 
parenchyma, formation of giant cells, nematode development 
and egg mass production. 
The pathological effects of nematode feeding on crop 
plants range from simple mechanical injury caused by 
migration of nematodes between or through plant cells, to 
complex host-parasite interactions. These plant and nematode 
interactions cause morphological and physiological changes of 
the affected tissues in plants. The subsequent development of 
disease syndrome depends on biochemical reactions in between 
exudates of pathogens and metabolites, already existing or 
produced by the host as a response to infection. The host 
parasite interaction is a complex developmental system, the 
failure of compatible response between the two as a result of 
the activities of metabolic inhibitors may cause death of feeding 
site and ultimately of the pathogen. 
Root-knot nematodes {Meloidogyne spp.) attack the 
underground parts of the plants, where they induce the 
development of abnormal growth of the stem and the root. 
Sometimes large galls are developed at the base of the stem. The 
size and characters of galls vary in different plants as for 
instance in Thunbergia laurifolia and rhubarb, enormously large 
structures of nearly two feet in diameter were seen (Steiner et 
al, 1934). 
The plant and nematode interactions cause 
morphological, anatomical and physiological changes of the 
affected tissues; or death of the cell by removal of their 
contents; or the host cells adapt to nematode by enlarging or 
increasing their metabolic activities; or the cells undergo 
growth or multiplication. These effects of plants have been 
termed as destructive, adaptive and neoplastic, respectively 
(Dropkin, 1980). 
The root-knot nematodes are sedentary endoparasites of 
underground parts of the host plants. The sedentary life-cycle is 
associated with sexual dimorphism (Triantaphyllou, 1966; 
Davide and Triantaphyllou, 1967; Cohn and Spiegel, 1991). The 
second-stage juveniles commonly known as larvae, represent 
the infective stage of Meloidogyne. These usually penetrate the 
roots and establish their feeding sites in vascular parenchyma. 
In response to feeding activity, some parenchyma cells become 
hypertrophied and multinucleate, and are generally known as 
"giant cells". The term giant cell refers to a multinucleate 
transfer cell usually induced by root-knot nematode, in which 
the multinucleate condition results from repeated endomitoses 
(Endo, 1987). Youssef and El-Nagdi (2004) revealed that second-
stage nematode larvae penetrated the roots of fababean by a 
puncturing action of the stylet. They migrated inter- and 
intracellularly into the cortex and endodermis damaging the 
cells in their way. Hypertrophy leads to the formation of giant-
cells in cortical and stelar regions. Nemec (1910) noted that the 
cells in plerome, close to the nematode head, immediately 
commenced to enlarge their size and increased protoplasmic 
contents. Their nuclei divided without the division of 
cytoplasm. Kostoff and Kendall (1930) believed that giant cells 
were formed by wall dissolution of affected cells followed by 
coalescence of cell contents. This concept was supported by 
Christie, 1936; Krusberg and Nielsen, 1958; Dropkin and 
Nelson, 1960; Littrell, 1966). 
Huang and Maggenti (1969a) in their detailed study on 
giant cell development in Vicia faba roots found no evidence of 
cell wall dissolution or breakdown. They noted that 
multinucleate condition of giant cell arose from repeated 
mitosis without cytokinesis of a single diploid cell. Jones and 
Payne (1978) supported the view of hypertrophy and repeated 
endomitosis without cytokinesis, while studying early stages of 
giant cell formation in balsam roots infected with Meloidogyne 
incognita. They did not find cell wall breakdown or dissolution 
in the stimulated cells, and concluded that the giant cell 
originated from a single cell. The intrusions, reported along, the 
giant cell wall, were not the wall fragments but were infoldings 
of walls of giant cells. 
The number of nuclei within the developing giant cell 
could be correlated with the number of host cells that would 
normally occupy the volun\e of the giant cell (Owens and 
Specht, 1964). Nuclear changes in giant cells range from a 
nucleus having a hypertrophied nucleolus to nuclei with 
various stages of membrane deterioration and a lobulated 
periphery. Other nuclear aberrations included nucleolar 
fragmentation into fine granules that remained scattered 
throughout the nucleus. The nuclei having irregular shapes like 
lobed, dumbbell or sickle shaped have been reported by several 
workers (Krusberg and Nielsen 1958; Owens and Specht, 1964). 
Nuclear enlargement was supposed to be due to swelling or due 
to nuclear fusion. In giant cells of tomato, the nuclear volume 
increased to six times as compared to the normal 6fim 
(Rubinstein and Owens, 1964). The number of chromosomes in 
giant cells of tomato inoculated with M. incognita was over 100 
whereas in normal cells the 2n number was 14 (Dropkin, 1965). 
The cytoplasm in a young giant cell becomes dense 
because of abundance of golgi apparatus, mitochondria, 
ribosomes, polysomes and endoplasmic reticulum. The central 
vacuole gradually disappears and smaller vacuoles increasingly 
prevail (Jones and Northcote, 1972; Jones and Dropkin, 1976; 
Jones and Gunning, 1976; Jones and Payne, 1978; Wergin and 
Orion, 1981). Towards the maturity of the nematode its nutrient 
demand increases and in response the giant cell cytoplasm 
shows intense metabolic activity. The nuclei become highly 
lobed and heterochromatic with prominent and numerous 
nuclear pores, indicating rapid nucleo-cytoplasmic exchange. 
The starch grains from the giant cells are lost and the secondary 
vacuoles become more numerous and smaller. Finally, the 
cytoplasm is extracted as the giant cells senesce, leaving some 
organelles and the ingrowths, but little ground cytoplasm. 
Sharma and Tiabi (1989) and Datta et al. (1991) reported the 
giant cell formation within 72 hours of inoculation in the xylem 
and phloem parenchyma in Vigna radiata and Cyamoposis 
tetragonaloba, respectively, 
Xylem and phloem tissues become disrupted due to the 
host parasite relationship of the root-knot nematode infection 
which causes hindrance in the transportation of water, mineral 
nutrients and translocation of food materials in the host plants. 
Formation of giant cells, proliferation of parenchyma cells and 
multiplication of pericycle and the cells around the nematode 
head cause the conducting xylem to scatter from its normal 
path. The vessel elements due to hypertrophic reactions become 
irregular in shape and size. Small and large parenchyma cells 
are transformed into vessel like elements and constitute the 
abnormal xylem. Production of enormous amount of abnormal 
xylem elements is thought to carry water and nutrients in 
greater amounts to compensate the loss caused by root-knot 
nematode infection (Pasha et al, 1987). 
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The common responses of nematode infestation are 
similar to those reported for many other plant diseases caused 
by various pathogens. Enhanced respiration, reduced rate of 
photosynthesis, stimulated protein and nucleic acid synthesis, 
accumulation of metabolites at the site of infestation, enhanced 
enzyme activity and hyperauxinity are some of the 
physiological responses in the plant that occur due to nematode 
infestation. The biochemical responses of diseased plants 
caused by Meloidogyne spp. have been investigated by a number 
of workers. Owens and Specht (1964) and Owens and Bottino 
(1966), demonstrated that the developing giant cell was the 
region of intense DNA and RNA synthesis. The galled roots 
exhibited an unusual increase in the amount of metabolites. 
Hence, it is evident that root-knot nematodes greatly modify 
the mode of utilization of minerals by plants for the synthesis of 
proteins and carbohydrates (Dasgupta and Deb, 1972). 
Meloidogyne incognita infection drastically alters the 
physiology of the host plant leading to the development of 
characteristic symptoms which are reflected on the shoots and 
roots. The root infection by Meloidogyne spp. causes the 
formation of feeding site, which acts as a metabolic sink. The 
food material synthesised in the shoots is mobilized towards 
the metabolic sink. 
Pollution, a serious problem in the present world is 
defined as an undesirable change in physical, chemical or 
biological characteristics of our air, land and water that may or 
will harmfully affect human life or that of desirable species, our 
industrial processes, living conditions and cultural assets; or 
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that may or will waste or deteriorate our raw material resources 
(Odum, 1996). The release of different kinds of pollutants in the 
air causes air pollution. 
Broadly, the air pollutants are categorized into two types: 
gaseous and particulate. The major gaseous air pollutants are 
sulphur dioxide (SO2), nitrogen oxides (NOx), carbonmonoxide 
(CO), ammonia (NH3), chlorine (CI2), ethylene (C2H4), hydrogen 
fluoride (HF), ozone (O3) and peroxyacetyl nitrate (PAN). 
Particulate air pollutants include coal dusts, fly ash, cement 
dust and soil dust particles. 
Today, India is one among the top ten countries of the 
world having a very good industrial infrastructure. There are a 
number of thermal and super thermal power stations in the 
country which add a lot of pollutants into the air. The air 
pollution by particulate air pollutants is mainly attributed to 
both industrial and power generation activities. Fly ash, one of 
the main particulate air pollutant is emanated from thermal 
power plants where coal is used as fuel. It is a major cause of 
ambient pollution, and such a pollution is of great concern in 
the developing countries (Das, 1986). 
Fly ash has shown great potential in enhancing 
productivity through soil amendments where it acts as a source 
of trace elements which are beneficial to the plants 
(Hammermeister et al, 1998). The addition of fly ash to the soil 
can improve the nutrient status of soil and neutralize soil 
acidity to a level suitable for agriculture depending upon the 
initial pH of the soil (Moliner and Street, 1982). There are 
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various workers who have reported about the promising effects 
of fly ash on different plants. Mishra and Shukla (1986) 
reported an increase in plant height, dry weight, metabolic rate 
and photosynthetic pigments of maize {Zea mays) and soybean 
{Glycine max) by dusting fly ash at low rate. Enhancement in 
seed germination and growth of Brassica parachinensis at low 
levels of fly ash (3 to 6 %) has been reported by Wong and 
Wong (1989). Wong and Su (1997) found improved seedling 
emergence and dry weight of Agropyron elongatum due to 
addition of fly ash in soil. The growth promising effects of fly 
ash amendment in soil have been reported in tomato and 
Phaseolus aureus (Khan and Khan, 1996; Kumar et al., 1998, 
respectively). High fly ash concentration suppresses plant 
growth and causes deterioration of soil properties (Hodgson 
and HoUiday, 1966; Adriano et al, 1980). 
Among other potential factors air pollution is important 
for growth and reproduction of microorganisms. The air 
pollutants have direct and indirect effects on microorganisms. 
The plant diseases, caused by microorganisms, are either 
aggravated or suppressed, depending upon the nature of 
disease, the type of the host and the concentration and diversity 
of pollutants. Singh (1993) observed that higher concentration 
of fly ash suppressed the growth and development of root-
nodule bacteria {Bradyrhizobium japonicum) and root-knot 
nematode {Meloidogyne javanica). Decrease in soil population of 
M. javanica at 10 to 100 % fly ash has been reported by Pasha et 
al, (1990). Certain elements such as potassium, phosphorous 
and boron play important roles in defence mechanisms of 
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plants against nematodes (Kirkpatrick et ai, 1964; Francois, 
1984). All these elements are amply present in fly ash (Elseewi 
et al, 1981; Druzina et al, 1983; Wong and Wong, 1989). 
The continuous improvement is one of the underlying 
promise of agricultural as well as plant sciences. With the rapid 
development of knowledge and technology in the fields of plant 
pathology over the last few years, new opportunities for 
addressing crop improvement are now feasible. Since the root-
knot nematode, M. incognita is a devastating pathogen, that 
drastically alters the physiology of the plants after infection, 
therefore, it needs to be managed. The fly ash on the other hand 
increases the nutrient status of soil and under certain 
circumstances can be used as a fertilizer. It also releases certain 
useful elements which keep a check on the disease 
development. Keeping these aspects under consideration, it was 
felt desirable to check out the pest status of the root-knot 
nematode on O. sanctum. For this purpose, following 
experiments were performed to compare and confirm earlier 
reports and to provide some new information. 
SECTION I 
Experiment 1: Histopathological response of Ocimum 
sanctum to Meloidogyne incognita. 
SECTION II 
Experiment 2: Effect of different inoculum levels of 
Meloidogyne incognita on growth and 
yield of Ocimum sanctum, reproduction 
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Experiment 3: 
Experiment 4: 
Experiment 5: 
of the nematode and internal structure 
of root. 
Effect of different inoculum levels of 
Meloidogyne incognita on growth, 
chlorophyll and oil contents of Ocimum 
sanctum. 
Section III 
Effect of fly ash amended soil on the 
plant growth, yield, chlorophyll 
pigment and oil content of Ocimum 
sanctum. 
Effect of fly ash amended soil on the 
development of the root-knot 
nematode (Meloidogyne incognita) and 
growth of Ocimum sanctum. 
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Literature 
k I 
REVIEW OF LITERATURE 
The earliest known report of the observation of plant 
parasitic nematode was made in 1743, when Needham in 
England observed thousands of nematodes in wheat cockles 
(Jenkins and Taylor, 1967). The second plant parasitic 
nematode, recorded by Berkely in 1855 was the root-knot 
nematode (Meloidogyne sp.) that caused damage to cucumber in 
an English green house. 
Generally, root damage caused by parasitic nematodes is 
reflected on the above ground portion of the plants as poor 
shoot growth, leaf chlorosis and even death of plants resulting 
in low yield and poor quality of marketable produce. The 
stresses inflicted upon by the nematodes on the plant are 
manifested in the form of lesser tillering, yellowing and 
stunting of plants, which result in low productivity. The above 
ground symptoms are similar to those associated with any root 
injury that result in reduced amount of water uptake by plants. 
Flowering is scanty and fruits are either lacking or are of poor 
quality (Jenkins and Taylor; 1967). 
Root-knot nematodes, Meloidogyne spp. are the most 
important and the best understood plant parasitic nematodes. 
They parasitize more than 2,000 species of herbaceous and 
woody plants belonging to monocotyledons and dicotyledons 
including both wild and cultivated varieties (Webster, 1969, 
1975; Taylor and Sasser 1978; Hussey, 1985). Meloidogyne sp. has 
evolved a very complex host parasite relationship that leads to 
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the formation of familiar knots or galls on the roots of 
susceptible host plants resulting in severe growth retardation. 
In sweet potato the second-stage juveniles of M. incognita 
entered the primary roots and the lateral roots through the 
ruptured surfaces or the cracks. They were also found to enter 
the roots anywhere from the root caps to the region of root hair 
formation (Krusberg and Nielsen, 1958). In wheat, M. naasi 
penetrated in the zone of differentiation and elongation 
(Siddiqui and Taylor, 1970). The juveniles entered into the inner 
tissues of the root by thrusting stylet and simultaneously using 
cellulolytic and pectolytic enzymes (Linford, 1942; Bird and 
Loveys, 1980). 
The penetration of juveniles was followed by intra-and 
intercellular migration in the cortex and the stele. Intercellular 
migration involved separation of cells by dissolving middle 
lamella. The pectic compounds of middle lamella were 
dissolved by pectolytic enzymes secreted by the juveniles. 
Intercellular migration has been advocated by Nemec, 1910; 
Godfrey and Oliveira, 1932; Linford, 1937; 1942; Endo and 
Wergin, 1973; Jones and Payne, 1978). Migration of juveniles, 
intercellularly and intracellularly has been observed by several 
workers (Christie, 1936; Krusberg and Nielsen, 1958; Bird, 1959, 
1960, 1962; Siddiqui and Taylor 1970; Siddiqui, 1971a, b; Ismail 
et al., 2004; Youssef and El-Nagdi, 2004). Formation of galleries 
and furrows due to separation and breakdown of the cells 
indicated inter-and intracellular migration (Roman, 1961). 
Hisamuddin (1992) observed that the juveniles migrated in two 
distinct manners. Firstly, the juveniles that entered through the 
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root cap, migrated towards the zone of differentiation. 
Secondly, the juveniles that entered from anywhere other than 
the root cap, migrated towards the tip of the root, or towards 
the central core, or towards the zone of differentiation. The 
juveniles going towards the root tip turned around and finally 
moved towards the zone of differentiation. After penetration 
and migration, the juveniles settled in the region of cell 
elongation or differentiation or at the point from where lateral 
roots are emerged (Godfrey and Oliveira, 1932; Linford, 1939; 
1942; Peacock, 1959; Bird, 1969; Green, 1971; Siddiqui, 1971a, b; 
Prot, 1980). 
The root-knot nematodes are obligate plant parasites. 
They alter the pattern of cell division and cell differentiation. In 
the vicinity of the nematode, the plant cells respond differently. 
Some cells divide repeatedly (hyperplasia) and some cells 
enlarge enormously (hypertrophy). In response to feeding 
activity of the nematode larvae, some cells become large and 
conspicuous. These cells become multinucleate and contain very 
dense cytoplasm, thus exhibiting immense metabolic activity. 
These specialized cells are called "giant cells" (Christie, 1936; 
Mountain, 1960; Jones and Northcote 1972; Huang, 1986; Doyle 
et al, 2003). 
The giant cells are highly specialized transfer cells 
induced and maintained by the feeding of Meloidogyne spp. in 
susceptible host plants. Bird (1962) demonstrated that induction 
and development of the giant cells in tomato roots depended on 
the presence of the nematode. He further showed that the 
functional giant cells were essential for the development and 
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the survival of the nematode. Hussey and Sasser (1973) detected 
the enzyme peroxidase in the stylet exudates of M, incognita 
females and suggested that this enzyme was involved in giant 
cell induction and its maintenance. The giant cells are , the 
specialized transfer cells towards which the metabolites are 
translocated by the host plant and from where the developing 
nematode gets its nutrition. There are ample evidences 
indicating that transfer cells are metabolically hyperactive cells 
and essential for the development of the nematode (Bird, 1961; 
Littrel, 1966; Endo and Veech, 1969; Veech and Endo, 1969; 
Webster, 1969; Endo, 1971; Dropkin, 1972; Gommers and 
Dropkin, 1977; Pasha, 1990; Hisamuddin, 1992). Primary 
phloem and the adjacent parenchyma are the highly preferred 
tissues for the induction of giant cells (Christie, 1936; Krusberg 
and Nielsen, 1958; Byrne et al, 1977). 
Beille (1898) was the first who proposed that the giant 
cells were formed by the disintegration of cell walls and 
coalescence of neighbouring cells in papaya roots. Formation of 
giant cells through cell wall breakdown and subsequent 
cytoplasmic fusion was not proved convincingly although it 
was supported by several other workers (Kostoff and Kendall, 
1930; Christie, 1936; Krusberg and Nielsen, 1958; Dropkin and 
Nelson, 1960; Bird, 1961; 1972; Owens and Specht, 1964; Smith 
and Mai, 1965 and Littrell, 1966;). 
In 1902, Tischler proposed that the giant cells became 
multinucleate due to mitotic divisions in the nuclei. Nemec 
(1910) found that when the head region of the juveniles reached 
the plerome, then the host cells became enlarged. The plasma 
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contents of these cells increased and their nuclei divided 
without the formation of cell wall and thus the giant cells 
became multinucleate. 
In 1969(a), Huang and Maggenti demonstrated that 
metaphase chromosome numbers of giant cells in Vicia faba 
infected with M. javanica followed the geometric progression 
2n, 4n, 8n, 16n, 32n (24, 48, 96, 192, 384, respectively). 
Multinucleate giant cells, according to them, were most likely 
formed through repeated endomitosis without cytokinesis. 
They hypothesized that involvement of cytoplasmic coalescence 
in the formation of giant cells was unlikely, otherwise increase 
in chromosome number would follow arithmetic progression. 
Bird (1973), who worked on Vicia faba to ascertain the 
chromosome number and the ploidy sequence, as given by 
Huang and Maggenti (1969a), could not find true ploidy 
sequence and argued that wall breakdown was also involved in 
multinucleation. 
Jones and Payne (1978) critically studied giant cell 
formation immediately after infection on Impatiens balsamina 
roots by Meloidogyne spp. In the tissues examined, 24h after 
infection, cell wall breakdown was not observed while mitotic 
events were frequently seen. After 48 hours, 2,4 and 8 nuclei 
were observed in the cell near the nematode head. There was no 
sign of cell wall breakdown in early stages of giant cell 
formation. This view of repeated endomitoses without 
cytokineses in giant cell formation after infection of Meloidogyne 
spp. has been supported by Endo, 1987; Pasha, 1987; 
Hisamuddin, 1992. 
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In the giant cells of root-knot nematode infected sweet 
potato roots, the nuclei varied in size, shape and other 
characteristics. Some nuclei in the giant cells were much larger 
than the nuclei of neighbouring unaffected cells. The shapes of 
the nuclei were non-uniform like spherical, pyriform, 
elongated, dumb-bell shaped and sometimes lobed that 
possessed projections (Krusberg and Nielsen, 1958). The nuclear 
enlargement was due to swelling or due to fusion (Owens and 
Specht, 1964; Rubinstein and Owens, 1964). About 10 to 12 fold 
increase in nuclear volume in the giant cells of tomato 
(Rubinstein and Owens, 1964) and extremely lobed in Vicia faba 
(Huang and Maggenti, 1969a) were reported. Highly enlarged 
nuclei and nucleoli having irregular shapes in many host plants 
were reported by a number of workers (Tischler, 1902; Nemec, 
1910; Kostoff and Kendall, 1930; Christie, 1936; Krusberg and 
Nielsen, 1958; Davis and Jenkins, 1960; Dropkin and Nelson, 
1960; Paulson and Webster, 1970; Siddiqui and Taylor, 1970; 
Siddiqui, 1971a; Jones and Payne, 1978). In Okra, the nuclei in 
the giant cells were very large (El-Nagdi and Youssef 2004). 
The giant cells induced by the root-knot nematode varied 
considerably in size, shape and cytology. Smaller giant cells, in 
a giant cell complex, are usually more vacuolated than larger 
giant cells. Christie (1936) observed highly vacuolated smaller 
giant cells containing a little homogeneously dispersed 
cytoplasmic contents. In general, the giant cells contain dense 
and granular cytoplasm as has been observed in many plants 
(Christie, 1936; Owens and Specht, 1964; Heald, 1969; Riffle, 
1973). In Luffa cylindrica at the time of induction of giant cell. 
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the size of the cell increased enormously. The rate of synthesis 
of cytoplasmic contents lagged behind the rate of expansion of 
giant cell. After one week of giant cell induction, the 
cytoplasmic contents became very dense and granular. After 
two weeks of induction, some smaller giant cells became 
vacuolated. After three weeks vacuolation was also observed in 
larger giant cells (Hisamuddin, 1992). 
Christie (1936) found infection in vascular elements and 
reported disruption in vascular strands and formation of 
abnormal xylem. In the roots of sweet potato, Krusberg and 
Nielsen (1958), noticed abnormal xylem at the site of infection. 
Abnormal vessel elements of various shapes depending upon 
the shape of parenchyma cells were found. The parenchyma 
cells adjacent to the giant cell complex changed into vessel-like 
elements by the deposition of secondary cell wall material in 
the form of annular and spiral thickenings. Some of the 
transforming parenchyma cells also enclosed nuclei 
(Hisamuddin, 1992). 
In Gardenia roots, infected with M. incognita, the vascular 
strands were found disrupted due to developing nematode and 
formation of giant cells. The vascular strands occurred as 
irregular patches at infection site (Davis and Jenkins, 1960). 
Disruption of vascular tissues in balsam (Odihirin and Jenkins, 
1965); in Zingiber (Huang, 1966); in peony roots (Eversmeyer 
and Dickerson, 1966), in basella (Swamy and Krishnamurthy, 
1971), in tomato (Farooq, 1973) have been reported. 
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In Meloidogyne incognita infected roots of Lagenaria 
leucantha Siddiqui and Ghouse, 1975, observed that primary 
phloem was destroyed at infected part and new but abnormal 
phloem comprising mainly of parenchyma, and few sieve tube 
elements was formed. In the primary roots of Glycine max, 
nearly all the second-stage juveniles of M. incognita selected 
primary phloem or adjacent stelar parenchyma as feeding sites 
(Byrne et al., 1977). The second-stage juveniles of M. chitwoodi 
were found embedded in the phloem of sweet potato (Finley, 
1981). Abnormal xylem in the form of scattered patches was 
observed in M. incognita infected roots of Solanum melongena 
(Pasha et al., 1987). Disruption of vascular elements as a result 
of root-knot nematode infection has been reported by Fawole 
(1988) in white yam; Kim and Ohh (1990) in tomato; Sharma 
and Tiabi (1989) in pea; Patel and Patel (1991) in wheat; Salawu 
(1991) in Celosia argentia; Datta et al., (1991) in Vigna cymopsis; 
Hussain et al. (1992) in tomato and brinjal. 
Hisamuddin and Siddiqui (1992) observed intercellular 
migration of M. incognita larvae and emphasized that the 
feeding site was the protophloem originating from 
procambium. They did not find any disruption in the vascular 
strands. Vovlas and Sasnelli (1993) reported cambium as the 
feeding site of Meloidogyne juveniles in the roots of Helianthus. 
Metabolic processes like uptake of water and minerals, 
translocation of water and solutes, photosynthesis, respiration 
and cell division of the host plant are altered by the root-knot 
nematodes which are manifested in the form of stunting, 
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chlorosis and galling. Some of the common responses of the 
affected plant to nematode infestation are enhanced rate of 
respiration, reduced rate of photosynthesis, excessive protein 
and nucleic acid synthesis, accumulation of metabolites at the 
site of infestation, enhanced enzyme activity and hyperauxinity. 
Biochemical alterations, induced by M. incognita in brinjal 
(Singh et ah, 1978),comprised of increase in protein, aminoacids, 
proline and phenol content in infected roots over that of healthy 
roots. Severity in disease symptoms, anatomical anomalies and 
in chemical imbalances were found to be influenced by the 
amount of inoculum. Vaishnav and Sethi (1978) found 
significant reduction in plant growth parameters at and above 
1,000 larvae per plant. Pant and Sethi (1980) reported a 
progressive decrease in the growth of soybean plant when the 
inoculum level of M. incognita increased. A comprehensive 
study was carried out in order to determine the pathogenicity 
of M. incognita on six cultivars of Japanese mint and was found 
that initial damage occurred at one juvenile per gram of soil 
with marked reduction in chlorophyll content, rate of 
photosynthesis and oil yield. The rate of nematode 
reproduction appeared to be density dependent (Pandey, 1988; 
Pandey et al, 1992). Verma and Ali (1993) worked out the 
damaging threshold of M. incognita on parwal and revealed that 
progressive decrease in plant growth occurred with increase in 
nematode inoculum level. Vashishth et al., (1994) studied the 
morphological and biochemical responses of blackgram 
cultivars to M. incognita. Maximum increase in peroxidase 
activity was stimulated by M. incognita in T-7 followed by B-6 
24 
varieties of black gram. Significant reductions in protein and 
chlorophyll contents, except in cultivars T-9 and B-6 were also 
observed. 
In 1995, Gupta et al., observed that initial inoculum of 100 
larvae of Meloidogyne sp. in bitter gourd, 1,000 larvae in smooth 
gourd, ridge gourd and squash melon significantly reduced the 
growth parameters. Galling and nematode reproduction was 
directly related to initial inoculum level. Haseeb et al. (1996) 
observed decrease in root and shoot growth, fresh weight and 
dry weight, chlorophyll content, total sugar, phenol content in 
leaves, and oil yield of Ocimum canum plants as the inoculum 
levels increased. Furthermore, root gall index was directly 
proportional to the population density. Fazal et al. (1996) 
determined threshold levels of M. incognita and R. reniformis on 
black gram as 1,000J2 and 1,000 immature females, respectively. 
Nagesh (1996) reported significant reduction in plant growth 
and yield characteristics of potato as a result of root-knot 
infection. Samathanam and Sethi (1996) observed 0.5 larvae per 
gram soil as minimum threshold of M. incognita for mungbean. 
Increase in initial inoculum level of plant parasitic 
nematodes caused higher reduction in fresh and dry weights of 
the plants, oil yield, chlorophyll, total sugar and phenol 
contents in Mentha citrata (Shukla and Haseeb, 1998). 
Ramakrishnan and Rajendran (1998) observed highest percent 
reduction in root length, root weight and shoot weight of 
papaya {Carica papaya L.) plants at 1,000J2 of M. incognita. 
Perveen et al. (1998) reported significant reductions in root and 
shoot length, root and shoot fresh and dry weights of pigeonpea 
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at minimum initial inoculum level (5OJ2 per pot) and the 
reduction in growth parameters increased with increase in 
initial inoculum level. Significant reduction in height, weight of 
roots, rhizome and total biomass of ginger, variety "Himachal", 
occurred at different inoculum levels. The yield of rhizomes 
significantly reduced even at lowest nematode inoculum level 
of Pi=0.2 J2 per 100 cc soil (Ramana et al., 1998). Poornima and 
Vadivelu (1998) reported stunted growth and reduced shoot 
weight in turmeric (Curcuma longa L.) cvs. BSR-1 and PTS-10 at 
5,000 and 10,000j2 of M. incognita (Race-3) per plant. Reduction 
in levels of protein, carbohydrate, chlorophyll a,b and total 
chlorophyll and rhizome curcumin level in plants inoculated 
with 10,000 juveniles was also reported by these workers. 
Sharma et al. (1999) observed significant reductions in growth 
of groundnut at 1,000 and 10,000 nematodes per plant. Higher 
inoculum levels of M. incognita produced maximum number of 
galls and resulted in significant reduction in growth of Allium 
porrum L. (Rombati and Dhanachand, 2000). A negative 
correlation between nematode multiplication and inoculum 
level was also observed by these workers. Singh and Goswami 
(2000) reported significant growth reduction over control in 
cowpea with an initial population of 1,000 nematode per 500g 
soil. Pathak et al. (2000) reported that plant growth characters in 
cauliflower were adversely affected with an increase in the level 
of inoculum from 50 to 10,000 juveniles/kg soil. The significant 
reductions in growth characters were noticed at and above the 
level of 500 nematodes/kg soil by these workers. Jonathan and 
Rajendran (2000) carried out pathogenicity test of root-knot 
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nematode on banana in green house conditions and reported 
that significant reduction in plant growth parameters occurred 
at 1,000 and 10,000 juveniles per kg of soil. Reduction in 
multiplication of the nematode with increase in inoculum level 
was also reported by these workers. Significant yield losses in 
cotton {Gossypium hirsutum) were reported by Jain et al. (2000). 
Kumar (2000) reported significant reduction in plant growth of 
Polyanthus tuberosa inoculated at 10j2/g soil and 1 j2/g soil. The 
number of storage roots in cassava decreased when plants were 
inoculated with M. incognita even 88 days after plantation 
(Makumbi-Kidza et al, 2000). Ploeg and Phillips (2001) 
observed decreased melon fruit yields with increasing 
pre-plant nematode levels. Maximum reduction in plant height, 
root length and root weight of sunflower plants was recorded at 
2,500j2 (Bhatt ef fl/., 2001). 
The root-knot nematode Meloidogyne incognita 
correspondingly decreased the photosynthetic leaf area, petal 
area, fresh as well as dry weight of flowers and oil contents of 
rose with increase in inoculum levels (Tiyagi et al., 2001). 
Reduction in growth and bulb weight of Yellow Granex onion 
infected with rice root-knot nematode has been reported by 
Gergon et al. (2002). Nehra and Trivedi (2002) carried out 
pathogenicity test of M. incognita on ginger and found a gradual 
decrease in root shoot length, root, shoot and rhizome weight 
with increase in nematode inoculum levels. The highest 
reduction in rhizome yield was caused at highest inoculum 
level (10,000 larvae per pot). In Balsam (Impatiens balsamina L.), 
significant reduction in plant growth at l,000j2/l,000cc soil has 
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been reported by Khan (2003). Haider et al. (2003), while 
carrying out comparative pathogenicity tests of root-knot 
nematode M. incognita on different pulse crops viz. mung bean, 
urd, lentil, Lathyrus, French bean and pea reported that an 
initial inoculum level of 100 juveniles of M. incognita per plant 
caused significant reduction in growth characters of pulse crops 
and proved to be pathogenic. Maximum decrease occurred in 
Lathyrus while minimum in French bean at 10,000j2 level. The 
multiplication rate of nematode was maximum at 10 J2 
inoculum level and minimum at the highest level. Significant 
reductions in root and shoot length, fresh weight and dry 
weight of tomato (Lycopersicon esculentum var Shiva-2) plants 
with the increased inoculation level were observed by 
Satyandra et al. (2003). Sheela et al. (2003) reported 50 to 75 
percent reduction in leaf yield of coriander {Eryngium foetidum 
L.) at an initial population of 200 to 300 larvae of M. incognita 
per 250g soil sample. Reduction in leaf size of plants was also 
reported by these workers. Drastic reduction in yield and 
characteristic gall formation in Gherkin {Cucumis anguira L.) has 
been reported by Gowda et al. (2003). Khan (2003) reported 
significant reduction in weight of onion bulbs at 1 to 10 
juveniles/500cc soil. Significant reduction in length, fresh as 
well as dry weight and yield of Papaver rhoeas and Eclipta alba 
plants as a result of M. incognita infection has been reported by 
Hisamuddin et al. (2003, 2004). Youssef and El-Nagdi (2004) 
observed significant reduction in plant growth and yield of faba 
bean {Vicia faba L.) under the highest inoculum level i.e., 10,000 
larvae of M. incognita. Reduction in plant growth of tomato 
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cultivars (Peshwari and Roma) has been reported by Pathan et 
al. (2004). Khan et al. (2004) while observing the pathogenic 
effect of M. javanica on cucurbits suggested that an increase in 
the level of inoculum showed a progressive increase in host 
infestation as indicated by number of galls as well as nematode 
multiplication. Maximum nematode population in all the tested 
plants was observed at the lowest inoculum density and 
vice-versa. Reduction in growth of bottle gourd and red gourd 
was recorded at an initial inoculum level of l,000j2/kg of soil of 
M. javanica which was the damaging threshold level. Similarly, 
the damaging threshold levels of M. javanica on sponge gourd 
and bitter gourd were recorded at the inoculum level of 500 and 
2,000j2/kg soil. Kumar and Pathak (2004) while working on 
spinach, beet {Beta vulgaris bengalensis) and fenugreek 
{Trigonella foenum-graecum) observed significant reduction in 
plant growth characters of both plants at 5OOJ2 / k g soil and 
above levels. Increase in number of galls and total nematode 
population with increase in inoculum level from 50 to 5,000 
nematodes/kg soil was also observed by these workers. Kheir et 
al. (2004) found significant reduction in the growth parameters 
of certain banana cultivars, especially at the level of 1,000 
juveniles per plant and up. Hisamuddin et al. (2005) reported 
significant reduction in dry weight and chlorophyll content of 
Phaseolus mungo inoculated with 1,000J2 of M. incognita. A 
progressive increase in plant growth reduction of lettuce 
{Lactuca sativa) with an increase in inoculum level of M. 
incognita from 250 to 8,000j2 per plant was reported by Khan 
and Ashraf (2005). 
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Fly Ash: 
The presence of extraneous materials in an environment 
in concentrations that become harmful to living organisms 
cause pollution. According to Odum (1996) the pollution is 
defined as an undesirable change in the physical, chemical or 
biological characteristics of our air, land and water that may or 
will harmfully affect human life or that of a desirable species, 
our industrial processes, living conditions and cultural assets; 
or that may or will deteriorate our raw material resources. 
The agent or the material that causes pollution is termed 
as pollutant. A pollutant can be any chemical or geochemical 
substance, biological organism or its product, released 
advertently or inadvertently by man into the environment with 
actual or potential adverse, harmful or unpleasant and 
inconvenient effects. 
Air pollution is increasing tremendously due to industrial 
and other activities including power generation plants and 
transportation. The major particulate air pollutants are coal 
dust, fly ash, lime dust, cement dust and /o r particulate matter 
released from various metal processing units. The concentration 
of particulate air pollutants ranges from 40 to 44% in India 
(Das, 1986). The particulate matters are settled down on aerial 
parts of plants and cause damage to them. Chlorosis, necrosis 
and death of the affected tissues are the consequences of heavy 
depositions of particulate air pollutants. Increase in leaf 
temperature, rate of transpiration and decrease in rate of 
photosynthesis are caused by the deposition of particulate 
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matters (Darley, 1966; Fluckiger et al, 1978; Vora and 
Bhatnagar, 1997). Heck et al. (1970) noticed that emission of 
particulate materials at higher level from different sources 
caused reduction in the quality of the vegetables and the fruits 
growing in close proximity of the source. A linear relationship 
between the doses of cement dust pollutants and transpiration 
rates, chlorophyll contents and productivity of crop plants, has 
been advocated by Singh and Rao (1981). The percentage of 
occluded stomata of conifers increased with a decrease in the 
distance from the source of particulate emission (Durasovic and 
Tatjana, 1997). The deposition of fly ash on leaves retarded the 
rates of transpiration and photosynthesis (Gupta et al., 2002). 
Fly ash, emanating from the thermal power plants, where 
coal is used as the source of fuel, is a major cause of ambient 
pollution, and such a pollution is one of the great concerns in 
developing countries (Das, 1986). Increased use of coal as a 
primary source of energy especially in the countries like India, 
which have sufficient coal reserves are expected to release more 
quantities of fly ash as a waste product. 
The fly ash emitted from coal based thermal power plants 
is conveyed to large pits, specially prepared for this purpose, or 
stacked in the form of mounds. From these dumping places it is 
spread by the wind into surrounding areas where it alters the 
physico-chemical characteristics of the soil. It also affects 
vegetation depending upon the extent of deposition. Due to 
increasing costs of disposing off of the fly ash there is an urgent 
need to find out its potential uses, one of the such uses is land 
application with an aim to improve physical or chemical 
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properties of soil. Various researches have been carried out on 
the presence of essential plant nutrient in fly ash taking into 
account that fly ash amended soils improved the plant growth, 
yield and leaf pigments of pulse and vegetable crops (Das et al., 
1990; Rodgers and Anderson, 1995 and Khan et al, 1997). 
Scanlon and Duggan (1979) showed that the seedlings of 
some tree and shrub grew well in fly ash amended soil. The 
addition of fly ash improved the nutrient status of soil and 
neutralized soil acidity to a level suitable for agriculture, 
depending upon the initial pH of the soil (Moliner and Street, 
1982). The low rates of fly ash dusting increased plant height, 
dry weight, metabolic rate and amount of photosynthetic 
pigments of Zea mays L. and Glycine max L. (Mishra and Shukia, 
1986). Wong and Wong (1989) found that seed germination and 
growth of Brassica parachinensis was enhanced in sandy soil 
amended with 3 to 6% fly ash. But at higher concentrations of 
fly ash i.e. 12 to 30%, seed germination was reduced. Khan and 
Khan (1996) reported growth promoting effects of fly ash on 
tomato plants. They observed that soil application of fly ash 
(40% v /v ) enhanced the yield and market value of tomato by 
81 and 30%, respectively.) In Agropyron elongatum, improvement 
in seedling emergence and dry weight was observed due to 
addition of fly ash in the soil (Wong and Su, 1997). Karpate and 
Choudhary (1997) reported that plants irrigated with fly ash 
water or grown in fly ash amended soil, showed improved 
growth at lower concentrations (25 and 50% of fly ash water 
and fly ash). The higher concentrations (75 and 100%) showed 
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deleterious effects. Kumar et al. (1998) suggested that 4% 
addition of fly ash resulted in higher grain yields of rice. 
Germination of fresh and one year old teak drupes was 
studied in fly ash incorporated nursery mixtures by Masilamani 
and Dharmalingam (1999). The mixed sand and fly ash nursery 
medium increased rate of the germination and boosted seedling 
vigour, whereas fly ash alone proved to be inhibitory to seed 
germination and seedling vigour. A mixture of paper factory 
sludge and fly ash when incorporated at transplanting time was 
found to be more effective in increasing yield (79%) of rice 
rather than applying it 30 days before transplanting the 
seedlings (Karmakar et al., 2001). The application of fly ash at 
40t /ha in conjuction with phosphate solubilising bacteria 
Pseudomonas striata improved the yield of soyean (Gaind and 
Gaur, 2002). Enhancement in plant biomass, photosynthetic 
pigments, protein content and in vivo nitrate reductase activity 
of Prosopis juliflora L. plants, grown on ameliorated fly ash 
occurred, in comparison to unamended or garden soil (Rai et al., 
2004). Singh and Lone (2004) reported enhanced chlorophyll 
harvest, specific leaf weight, plant fresh and dry weight of two 
mustard cultivars Pusa Bihar and Varuna under irrigated and 
drought conditions by applying 20% fly ash to the soil. In most 
countries, application of fly ash in agriculture land is not 
common because high ash concentration causes deterioration in 
soil properties and depression in plant growth (Hodgson and 
Holliday, 1966; Adriano et al, 1980). 
There are several reports that the dust from various 
origins interferes in stomatal functioning (i) by filling and 
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clogging the stomatal aperture (Ricks and Williams, 1974; 
Fluckiger et al, 1978); (ii) increasing leaf temperature and the 
rate of transpiration (Beasley, 1942; Eveling, 1969; Eller, 1977; 
Fluckiger et al, 1978); (iii) reducing rate of photosynthesis 
(Darley, 1966); (iv) and increasing rate of uptake of gaseous air 
pollutants (Ricks and Williams, 1974). All these factors are 
responsible in deteriorating the growth of the plants as has 
been mentioned by many workers like Thomas et al. (1952); 
Middleton et al (1958); Pack et al. (1959); Schuck and Locke 
(1970); Shimshon et al. (1975). Harmful effects of saline aerosal 
deposition in the fields of maize and soybean have been 
encountered reported by Mulchi and Armbruster (1981). 
Amendment of soil with fly ash reduced the microbial 
respiration (Wong and Wong, 1986); inhibited seed germination 
and increased post-emergence mortality in chickpea and lentil 
seedlings (Singh, 1989). Pasha et al. (1990) observed that 10% 
and 25% fly ash enhanced growth of cucumber plants but 
higher levels (50-100%) proved to be toxic to plants which 
suppressed plant growth and decreased chlorophyll content of 
the leaves. Pandey et al. (1994) observed improved growth in 
sunflower {Helianthus annus L.) plants grown in the soil treated 
with 1,1.5 and 2 kg fly ash m"2. The leaf area of the treated 
plants was increased and at low fly ash application, 20% 
increase in Relative Growth Rate (RGR) and Net Assimilation 
Rate (NAR) was also noticed. The feasibility of the application 
of fly ash compost mixture to soils for the availability and 
uptake of various elements by corn (Zea mays L.) was studied by 
Ghuman et al. (1994). The plants were grown in soil alone, soil 
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amended with 15% compost and amended with 2, 5, 10, 15, 20 
and 25% of fly ash. It was observed that 20-25% fly ash and 
compost soil ratio treatments generally increased plant growth 
and yield. The fly ash amended soil raised the growth response 
in Beta vulgaris (Singh et al., 1994). The application of fly ash, 
particularly in higher amounts (4 and 8% w / w ) , increased the 
pH and conductivity of the soils to undesirable levels, whereas 
in low amount it favoured the plant growth and improved the 
yield. The effect of fly ash amended soil on the growth and 
photosynthetic pigments of Lactuca sativa L. was studied by 
Srivastava et al. (1995) and a marked increase in plant growth 
and pigment formation was observed at 10% fly ash level. On 
the contrary 20% and 30% fly ash level caused reduction in 
plant growth as well as pigment formation. 
Increase in seedling height, plant height, girth, leaf 
number, leaf area, spike length, dry weight etc. in wheat plants 
at 50% fly ash level was reported by Tripathi and Sahu (1997). 
Tripathi and Tripathi (1998) examined the impacts of fly ash, 
light, and shade environments on growth and chemical 
response oi Albizzia procera and Acacia nilotica, and revealed that 
lower concentration oi fly ash (i.e. 10%) favoured the growth of 
both plants whereas higher concentrations (30%) showed 
adverse effects. Fly ash amended soil mixtures contributed in 
enhancement in growth, dry matter production and 
photosynthetic pigments in Phaseolus aureus cultivars (Kumar et 
al., 1998). Hammermeister et al. (1998) have shown significant 
increase in the yield of barley silage at intermediate rates (50 to 
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loot ha )^ of fly ash application and significant reduction at the 
rateof 400tha"i. 
Gupta et al. (2000) revealed that amending fly ash with 
press niud enhanced growth as well as other physiological 
responses chlorophyll, protein; in vivo nitrate reductase activity 
in Leucaena leucocephala compared to 100% fly ash treated plants. 
Pathan et al. (2003) reported 1.2 to 1.5 fold increase in root mass 
of Cynodon dactylon L(Pers) cv. 'Winter green' or left bare in fly 
ash amended soil compared to non-amended soil. 
Fly ash neutralizes the pH of acidic soil upto some extent 
and increases ion exchange capacity, water holding capacity 
and porosity (Jones and Straughan 1978; Adriano et al., 1980; 
Elseewi et al., 1981). Utilizable plant nutrients have been found 
in fly ash, which enrich the soil with macro- and micronutrients 
(Druzina et al., 1983). Hammermeister et al. (1998) tested the 
potential of fly ash as an agent of soil amendment and 
discovered that it emerged as a source of trace elements which 
are beneficial to the plants. The massive fly ash materials have 
been a potential resource for agricultural activities that affect 
the physicochemical characteristics of soil as it is generally very 
basic, rich in various essential and non-essential elements, but 
poor in both nitrogen and available phosphorus (Gupta et al., 
2002). Increase in soil salinity and elevation in the soil pH to as 
high as 6.45 of an acidic soil has been reported by Adriano et al. 
(2002). Siddiqui et al. (2004) revealed fly ash addition into the 
soil increased its porosity, water holding capacity, pH, E.G., 
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C.E.C. and the contents of sulphate, carbonate, phosphorus, 
potassium, calcium and various trace elements. 
The adverse effects on plants at higher concentrations of 
fly ash were attributed to dibenzofuran and dibenzo-p-dioxin 
mixture and heavy metals detected in fly ash that appeared 
toxic to the plants (Kamath, 1979; Helder et al, 1982; Mishra 
and Shukla, 1986; Wong and Wong, 1986). Significant 
improvement in plant growth, yield, leaf pigment and oil 
content of soybean plants has been reported at 25% and 50% fly 
ash. Further increase in fly ash level caused suppression of 
these parameters (Singh, 1993; Singh et al., 1994). Srivastava et 
al. (2002), reported that fly ash amendment upto 50% enhanced 
fresh weight and dry weight of methi {Trigonella foenum -
graecum) plants whereas higher levels, caused reduction in the 
same parameters. Aziz and Parveen (2003) reported retardation 
of plant growth characters of Solarium nigrum irrigated with 
concentrated water extracts of fly ash. Suppression in plant 
growth and yield of Pisum sativum plants at higher 
concentration of fly ash has been reported by Singh et al. (2005). 
Kalra et al. (1998) reported fly ash as a soil conditioner 
and fertilizer. In order to evaluate the effects of fly ash 
incorporation (upto 50t ha-^) on soil properties and the growth 
and yield of wheat, mustard, rice and maize, different 
experiments were carried out and it was found that the grain 
yield of maize increased in fly ash treated plots with the 
addition of ash upto a maximum of lOt ha-^; the yield of wheat 
grain increased with the addition of ash at 20t ha-^ but declined 
thereafter; with the addition lOt ha-i of ash, the rice yield 
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remained unaffected whereas improvement in seed yield of 
mustard was observed with fly ash addition at lOt ha-^. Bharti 
et al. (2000) studied the effect of fly ash on yield, uptake of 
nutrient and quality of green gram on vertisol and observed 
highest yield of grain and straw along with highest content and 
uptake of nutrients with the increasing levels of fly ash upto lOt 
ha-^ The results also showed highest content of crude protein 
and test weights at the same level of fly ash. The application of 
fly ash-filtered mud mixture in proportion 1:1 (w/w) along 
with small amount of inorganic fertilizer promoted radish 
growth, development and metabolism and increased reducing 
sugar and vitamin C (Xing shihe et al., 2001). Parveen et al. 
(2003) reported increased germination rate, shoot length, leaf 
area and total green area of Ocimum sanctum at lower levels of 
fly ash whereas adverse effects pertaining to same parameters 
were observed at higher levels of fly ash. In Mentha citrata, 
increase in plant length, weight, leaf area, chlorophyll content 
and oil yield of leaves was observed at lower levels of fly ash 
(10-30%) whereas adverse effects regarding the same 
parameters were observed at higher (40-50%) levels (Parveen et 
al, 2006). 
In the polluted atmosphere, plants may be exposed to the 
pollutants as well as attacked by the pathogens. In such 
conditions the pollution injury or microbial infection may be 
enhanced or suppressed. A clear picture about the nature of 
pathogen pollutant interactions does not exist, and the available 
information suggests the occurrence of synergistic, additive and 
antagonistic relationships (Khan and Khan, 1993). Despite many 
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effects of land application of fly ash, little information is 
available on the effects of fly ash on soil microbial activity 
(Adriano et al., 1980). Certain elements such as potassium, 
phosphorus and boron play important roles in the defense 
mechanism of plants against nematodes (Kirkpatrick et al., 1964; 
Francois, 1984). All these elements are amply present in fly ash 
(Elseewi et al., 1981; Druzina et al., 1983; Wong and Wong, 
1989). Khan (1989) found that fly ash at the concentrations 10-
40%, increased root penetration of the juveniles and root-knot 
disease intensity on tomato, whereas from 40% onwards, root 
penetration and reproduction of M. incognita race was gradually 
inhibited and disease intensity was also reduced. Singh (1989) 
observed the responses of fly ash on galling and egg mass 
production by M. incognita and M. javanica on chickpea and 
lentil. Suppressed growth and yield in presence of nematode 
and fly ash treated plants was shown by both crops in 
comparison to uninoculated and fly ash treated plants. Decrease 
in soil population of M. javanica at 10-100% fly ash was 
reported by Pasha et al. (1990). Higher concentration of fly ash 
suppressed the growth and development of root nodule bacteria 
{Bradyrhizobium japonicum) and root-knot nematode {Meloidogyne 
javanica) (Singh, 1993). Suppression in morphometries of M. 
javanica females and egg mass production was observed by 
Singh (1993) and Singh et al. (1994). The egg mass production 
and fecundity gradually decreased with the increase in fly ash 
level. The effects of different concentration of fly ash (0, 10, 20, 
30-100% v / v in soil) on plant growth and yield of root-knot 
infected and non-infected tomato plants were investigated by 
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Khan et al. (1997). Enhancement in plant growth, leaf pigment 
concentrations, fruit production, weight of fruit per plant and 
mean fruit weight occurred in both nematode infected and non-
infected tomato plants, being maximum in the soil containing 
50 or 60% fly ash. The root invasion by juveniles, disease 
intensity and reproduction of the nematode was adversely 
affected by fly ash treatments. Linear regression suggested 40% 
fly ash as the most economic level, enhancing yield of infected 
plants by 96% and suppressing the nematode disease and 
reproduction by 63 and 76% respectively. Hisamuddin et al. 
(2003) reported enhancement in growth, yield and chlorophyll 
contents of M.incognita inoculated Cicer arietinum plants grpwn 
in 30% fly ash in comparison to M. incognita inoculated plants 
grown in unamended soil. Khan and Ghadipur (2004) tested the 
feasibility of fly ash as non-conventional nematidice-cum-
fertilizer through broadcast, row and spot application @ 0.6 
kg/m2 in order to obtain high productivity of vegetables in the 
fields infested with root-knot nematode Meloidogyne incognita. 
Row or broadcast treatment enhanced growth and yield of 
brinjal, tomato and chilli whereas spot application was 
ineffective in promoting the plant growth and yield. All the 
three treatments of fly ash protected the vegetables from 
nematode attack. Ash treatments also suppressed the disease 
intensity and inhibited the reproduction of M. incognita. The 
egg masses excised from the fly ash grown plants contained 
fever eggs. Row application of fly ash greatly enhanced the 
yield (weight of fruits per plant) of inoculated and uninoculated 
brinjal, tomato and chilli plants by 27.7% and 115%, 90.4% and 
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108% and 21.3% respectively, compared to uninoculated and 
inoculated plants grown in the plots without fly ash. The fly ash 
application also increased the carotenoid and chlorophyll 
content of leaves. Hisamuddin et al. (2005) reported minimum 
reduction in growth parameters and chlorophyll contents of M. 
incognita inoculated Pisum satizmm plants grown at 30% fly ash 
level. 
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Section-I 
EXPERIMENT 1 
Histopathological response of Ocimum sanctum to Meloidogyne 
incognita 
INTRODUCTION 
The root cells of different plants respond quickly and 
characteristically towards the juveniles of Meloidogyne incognita. 
The second-stage juveniles of Meloidogyne sp. penetrate the young 
roots and move intercellularly towards the region of vascular 
differentiation where they induce the formation of giant cells 
(Endo and Wergin, 1973; Jones and Payne, 1978). The giant cells 
are generally transformed from undifferentiated vessel elements 
or from xylem parenchyma (Christie, 1936; Hodges and Taylor, 
1966) or from provascular strand (Krusberg and Nielsen, 1958; 
Littrell, 1966). They have also been reported to arise from 
protophloem cells (Byrne et al., 1977). 
In addition to giant cell formation, the root-knot nematodes 
also cause hypertrophy and hyperplasia in the cells adjacent to the 
giant cells that lead to the formation of the galls. The gall 
formation in tomato roots was observed even when the juveniles 
of Meloidogyne were outside the roots (Schuster and Sullivan, 
1960). Meloidogyne infections accompany cortical and stellar 
proliferations (Davis and Jenkins, 1960), hypertrophy and 
hyperplasia in the cortex, pericycle and the stele of the roots 
(Ibrahim and Massoud, 1974). 
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The present work was carried out to examine: 
(i) formation of galls on the roots of Ocimum sanctum (ii) 
formation of giant cells, (iii) abnormalities in the vascular 
elements in the galled roots and their relationship with the giant 
cell. 
MATERIALS AND METHODS 
Raising the Test Plant: 
The seeds of Ocimum sanctum L. (green variety) were 
procured from National Seeds Corporation, New Delhi. The seeds 
were axenized by NaOCl method (Koening and Barker, 1985). 
About 200 seeds were placed in sterilized beaker containing a 
mixture of 95 % ethanol and 5.25 % NaOCl in the ratio of 1:1. The 
mixture was stirred gently and the seeds were allowed to soak for 
about 10 minutes. The mixture was drained off and the seeds were 
rinsed thrice with distilled water. 
The axenized seeds were sown in 30cm diameter clay pots 
containing steam sterilized soil (7 clay: 3 sand: 1 farmyard 
manure) and were allowed to germinate. The seedlings were 
thinned to one seedling per pot, before inoculation. 
Inoculation with nematode: 
Meloidogyne incognita (Kofoid and White) Chitwood was 
selected as test pathogen. To perform experiments during the 
period of research, pure culture of Meloidogyne incognita was 
maintained on egg plant {Solanum melongena L.) roots in a glass 
house by using single egg mass. The egg masses from the galled 
roots of egg plant were picked with the help of sterilized forceps 
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and allowed to hatch. The second- stage juveniles were collected 
in sterilized distilled water and counted with the help of counting 
dish. The seedlings of O. sanctum were inoculated by making 
holes of 5-7 cm depth around the plant within the radius of two 
centimeters. Through these holes the suspension of second-stage 
juveniles (2,000j2 per pot) was introduced with the help of 
sterilized pipette. The holes were then plugged with sterilized soil 
soon after inoculation. To maintain soil moisture in the pot, 
regular watering was done. Each treatment was replicated five 
times and pots were arranged in randomized complete block 
design. Uninoculated pots served as control. 
Harvesting: 
Five seedlings (one seedling from each pot) were harvested 
24 h, 48h, 72h, 6 days, 9 days, 15 days, 21 days and 27 days after 
inoculation. The roots were washed thoroughly and gently to 
remove soil particles. The galled roots were then cut into one cm 
long pieces and processed for histopathological studies. 
Processing for Histopathological Studies 
(i) Fixation: The pieces of galled roots and healthy roots were 
immersed in a fixative of formalin aceto-alcohol, prepared 
by mixing 90 ml of 50 % ethanol, 5 ml of glacial acetic acid 
and 5 ml of 37 % formaldehyde (Johansen, 1940). Depending 
upon the thickness, the galled roots were kept in the fixative 
for a minimum period of 24 h to several days. 
(ii) Dehydration: The galled and the healthy roots were 
dehydrated through tertiary-butyl alcohol (T.B.A) schedule 
as given by Johansen (1940) Table-1. 
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(iii) Infiltration: After dehydration, paraffin was introduced into 
the root tissue. The tissue was transferred to a mixture of 
100 % paraffin oil and tertiary-butyl alcohol (T.B.A) in the 
ratio of 1:1. It was kept atleast for one hour. Another 
container was filled 3/4'^ with melted wax and allowed to 
solidify. The tissue was placed on wax and filled with T.B.A-
paraffin oil mixture. It was kept in an incubator at about 
65oC for three hours. After three hours the mixture was 
poured off and replaced with pure melted wax. The 
container was kept at the same temperature for three hours. 
This step was repeated twice. 
(iv) Embedding; For embedding, paper molds in the form of 
small shallow trays were prepared. The inner surfaces of the 
molds were first coated with thin layer of glycerine and 
afterwards melted paraffin was poured onto the bottom of 
the molds. The root pieces were then kept gently on the 
solidifying surface with the help of heated forceps. More 
melted wax was added into the molds until the tissue was 
completely immersed in the wax. The molds were 
immediately transferred to a container filled with chilled 
water for the solidification of wax. After hardening, the 
whole block was cut into smaller pieces according to the 
position of the root tissue. 
(v) Sectioning: The small blocks of wax having root tissue were 
trimmed to remove extra wax. The wax blocks were 
mounted on the wooden blocks, then fixed in rotary 
microtome and 10|am thick transverse and longitudinal 
sections were obtained in the form of a ribbon. 
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(vi) Ribbon Mounting: The ribbon was cut into smaller pieces 
corresponding to the length of the slides. Surface of the slide 
was coated with synthetic adhesive. Ribbon was then placed 
on the slide and flooded with freshly prepared 3% formalin 
solution. These slides were then kept in an incubator at 40oC 
for eight hours and then stored in slide boxes. 
(vii) Staining: The sections were stained with safranin and fast 
green after removing paraffin wax by the method described 
by Sass (1951) (Tabel-2). After staining, Canada balsam was 
applied on the slide and cover slip was lowered down 
gradually over the slide. Prepared slides were left at room 
temperature for 24h and then kept in an incubator at 60°C. 
The slides were examined under the light microscope, and 
necessary photographs were taken. 
OBSERVATIONS 
A. GIANT CELLS 
24 h after inoculation: 
The second-stage juveniles of Meloidogyne incognita 
penetrated the young root tips of Ocimum sanctum within 24h of 
inoculation. Some juveniles entered the roots through root cap (P. 
1). The juveniles after penetration migrated towards the zones of 
elongation and cell differentiation. Other juveniles selected the 
zone of cell division for their entry. The juveniles entered from 
anywhere along the length of the root (P. 2 and 3). The juveniles, 
whether entered through the root cap or behind it, made a 
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prominent passage. Epidermal and cortical layers of the roots 
were damaged during penetration of juveniles (P. 2 and 3). In 
some young roots several juveniles were observed at the core of 
the roots (P. 4). The juveniles while migrating towards the zone of 
elongation caused hypertrophy and hyperplasia. Some enlarged 
cells with enlarged nuclei were observed near the body of the 
juvenile (P. 5). 
48h after inoculation 
The giant cells became conspicuous and could be easily 
distinguished from other cells, 48h of inoculation. P. 6 shows a 
part of the juvenile and large prominent cells enclosing dense and 
granular cytoplasm. The developing giant cells were observed in 
the zone of cell elongation. In these developing giant cells the 
nuclei were large that enclosed enlarged nucleoli. The giant cells 
(P. 7) were elongated and broad and were having dense 
cytoplasm. On one side of the giant cells, the cells were elongated 
and on the other side, the cells were of varying shapes and sizes. 
The amount of cytoplasm in the giant cell increased but it 
remained localized at the periphery of the cell. Differentiation of 
vessel elements was also observed near the developing giant cells 
(P. 8,9 and 10). The cells adjacent to the giant cells had large 
nuclei (P. 10). The giant cells were having relatively thick cell 
walls (P. 6,7,8,9 and 10). 
72h After Inoculation: 
The shape of the giant cells, after 72h of inoculation, 
changed from elongated to globular (P. 11). The cell walls of the 
giant cells became very thick. At some places more than one 
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nematodes were observed inducing giant cells (P. 12). The 
juveniles were also found lying along the vascular strands (P. 13, 
14, 15 and 16). In P. 14 the anterior end of the juvenile was found 
in phloem strands. 
6 Days After Inoculation: 
The root swelled up assuming the shape of gall. The size of 
the giant cells increased. All giant cells enclosed dense and 
granular cytoplasm. The size of nucleus and nucleolus also 
increased. The proliferating giant cells pushed the vascular 
strands outward (P. 17). The vascular strand near the giant cells 
appeared disrupted. Abnormal vessel elements appeared near the 
giant cells (P. 18). The newly entered juveniles inducing giant cell 
could be seen in P. 18. Hypertrophic and hyperplastic tissues were 
observed near the giant cells. Some parenchyma cells changing 
into abnormal vessel elements were seen in certain cells (P. 19 and 
20). 
9 days after Inoculation: 
The size of the giant cell increased enormously after 9 days 
of inoculation. The cytoplasm of the giant cell became extremely 
dense and granular. Large and densely stained nuclei were a 
common occurrence in the giant cells (P. 21 and 23). The nuclei 
varied considerably in their shapes such as globose, ovoid, 
elongate, triangular and even amoeboid (P. 21 and 24). The giant 
cell cytoplasm was extremely dense near the nematode head. In 
some giant cells the cytoplasm was so dense that nuclei could not 
be seen (P. 23). The denseness of the cytoplasm of giant cells in 
the giant cells complex decreased with the increase in distance 
48 
from nematode head (P. 24). Several giant cells also disrupted the 
normal arrangement of cells (P. 22). The giant cell complexes 
occupied most of the part of affected root that caused distortion in 
the anatomy of the root (P. 25). In some sections, highly 
vacuolated giant cells were observed (P. 26). In heavily infected 
roots, giant cells were seen in all parts of the root (P. 27) Some 
large parenchyma cells transformed into vessel like elements 
(P.21,22,28and29). The cells near abnormal vessel elements 
exhibited hypertrophy and hyperplasia. 
15 Days After Inoculation: 
The giant cells attained their largest size after 15 days of 
inoculation. Each giant cell was multinucleate and enclosed dense 
and granular cytoplasm. In an infected root, several nematodes 
were found inducing giant cells at different locations (P.30). The 
giant cells and their complexes caused abnormalities in the 
cortical and stellar regions. The size of nuclei increased 
enormously. In some giant cells (P.31), the nuclei were found 
arranged in the form of a cluster. These enclosed highly enlarged 
nucleoli. The nucleoplasm was dense and granular in all the 
nuclei of these giant cells. The cell walls of the giant cells became 
very thick. Some giant cells (P.32) were observed away from the 
main vascular strand but were found well connected with a 
branch of vascular strand. Some giant cells had dense and 
granular cytoplasm .The giant cells were in contact with the 
nematode on one side and with abnormal xylem on other side 
(P.33). Most of the giant cells had very thick cell wall, dense 
cytoplasm, large nuclei and had abnormal vessel elements near 
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them (P.34). The giant cell embedded in phloem elements and in 
contact with nematode was observed (P. 35). 
21 Days After Inoculation: 
The giant cells were very large. These enclosed dense and 
granular cytoplasm and highly enlarged and lobed nuclei (P. 36). 
The nuclei were containing enlarged nucleoli. The nucleoli had 
variable shapes and sizes. The cytoplasm and the nucleoplasm 
were dense and granular. The giant cells appeared to be 
surrounded by xylem elements (P. 37). Vessel elements of 
different shapes and sizes were found near the giant cells (P. 38, 
39, 40, 41 and 42). In some giant cells the amount of cytoplasm 
was very less as compared to the other giant cells (P. 41 and 42). 
The abnormal vessel elements adjacent to the giant cells were very 
large and their shapes resembled with the shapes of the giant cells 
(P. 42). In some sections, the giant cell complexes were observed 
towards the periphery of the root (P. 43). In most of the instances 
two or more nematodes induced several giant cell complexes 
which caused abnormalities in anatomical features of the infected 
roots (P. 44). 
27 Days After Inoculation: 
The nematodes after 27 days of inoculation, developed in 
the form of mature females. The nematodes were found to be 
settled in a manner that their heads were in the giant cell complex 
and their posterior ends were towards the periphery (P. 45 and 
47). Some mature females started egg laying (P. 47 and 48). The 
giant cells were having dense and granular cytoplasm with 
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enlarged nuclei. Some giant cells were devoid of cytoplasm (P. 46 
and 47). 
D I S C U S S I O N 
From the study it is evident that second-stage juveniles of 
Meloidogyne incognita entered into the roots of Ocimum sanctum. 
This indicated that the roots of O. sanctum did not secrete any 
exudate that could prevent entry of the nematode into the roots. 
There was no antagonistic response of the plant towards the 
nematodes. The juveniles were attracted towards the roots as are 
attracted towards susceptible host plants. 
The immediate response of second-stage juveniles, after 
coming in contact with roots, was making an entry into the root 
tissues. The second-stage juveniles of M. incognita penetrated the 
roots of O. sanctum at or just behind the root cap. Further 
migration took place intercellularly and no cellular damage 
occurred throughout the path. The passage formed at the root tip 
and below the epidermis and occurrence of compressed cells 
along the body length of the nematode indicated intercellular 
migration of the juveniles. The juveniles of the root-knot 
nematode entered the roots from the root tip and from other 
regions of roots, in tomato (Christie 1936); anywhere from the root 
tip back to the region of root-hair formation in sweet potato 
(Krusberg and Nielsen, 1958); and in the region of cell 
differentiation and elongation in wheat (Siddiqui and Taylor, 
1970). From the observations of our studies and from other reports 
it is established that the juveniles may enter into the root from the 
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root cap, zone of cell division, zone of cell elongation, or even 
zone of cell differentiation. 
Inter- and intracellular migration of juveniles inside the root 
tissues, after their penetration, was proposed by Nemec (1910) 
and supported by Christie (1936); Krusberg and Nielsen (1958); 
Siddiqui and Taylor (1970); Siddiqui, 1971a, b; Ismail et al. (2004), 
Youseff et al. (2004). Later studies, confirmed that the juveniles of 
root-knot nematodes migrated intercellularly by separating the 
cell walls along the middle lamella (Endo and Wergin, 1973; Jones 
and Payne, 1978). Intercellular migration of the juveniles without 
damaging cells and tissues seems to be advantageous for the 
nematodes. Any injury to root tissue may lead to death of the 
plant that would also be deleterious towards the nematode as a 
consequence it would also be killed. After penetration, the 
immediate response of the inner tissue to the nematode was 
enlargement of certain cells. The cells along with their nuclei 
became hypertrophied near the head and the body of the juveniles 
of M. incognita. The hypertrophied cells, after 48h of inoculation, 
contained dense and granular cytoplasm. The amount of such 
cytoplasm was not very large but it showed that the affected cell 
had become metabolically hyperactive. Presence of hypertrophied 
nucleus and dividing nuclei further supported that the affected 
cell had been switched over to perform some extraordinary 
activities, which are not carried out under normal conditions. 
Furthermore, enlargement and fragmentation of nucleoli in the 
nuclei of hypertrophied cells indicated that the cells had become 
highly active to synthesize a large amount of cytoplasm. 
Nucleolus, the repository of rRNA and ribosomal proteins. 
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becomes enlarged indicating higher rate of the formation of 
ribosomes. The nucleoli, in actively protein synthesizing cells, 
become larger than in inactive cells (Johnson and Johnson, 1986). 
In addition to hypertrophy, the affected cells exhibited 
nuclear divisions without subsequent cell wall formation. 
Occurrence of 5-6 giant cells, 72 h after inoculation, indicated that 
host parasite relationship had been established during this period. 
The giant cells possessed upto eight nuclei and each nucleus 
contained one or more nucleoli. Jones and Payne (1978) had 
observed giant cell formation, by M. incognita, in the roots of 
Impatiens balmina, 48h after inoculation. Siddiqui and Taylor 
(1970) noticed giant cell formation, by M. naasi, in wheat roots, 
four days after inoculation. The earlier view about multinucleate 
nature of the giant cells were the result of cell wall breakdown 
and fusion of affected cells. Later on it was proved that 
multinucleate conditions arose due to nuclear division without 
cytokinesis. This was supported by Huang and Maggenti (1969a). 
The two nuclei, of the young giant cell, had undergone 
rapid, synchronous divisions without subsequent cytokinesis, and 
gave rise to eight nuclei, as was observed 72h after nematode 
infection. Synchronous nuclear divisions within the same giant 
cell have been reported by several other workers like Bird (1961); 
Krusberg and Nielsen, (1958); Smith and Mai, (1965), Owens and 
Specht, (1964); Smith and Mai, (1965); Pasha et al. (1987). The 
present observations substantiated this mode of giant cell 
development. An increase in number of nuclei, increase in size of 
nuclei, change in shape of nuclei from globular to amoeboid with 
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an increase in granulation and denseness of cytoplasm indicated 
an immense metabolic activity of the growing giant cells. 
Increase in size of the giant cell, increase in size and number 
of nuclei, increase in amount of cytoplasm in the giant cells after 
six days of inoculation indicated that the giant cells were active in 
synthesizing the cellular materials. The cell walls of the giant cells 
were quite thick and, therefore, the cells did not burst even after 
their enlargement. The giant ceils had become so strong that they 
pushed the vascular strands and because of this reason the 
vascular strands appeared to be disrupted, when seen in 
longitudinal sections of the affected roots. 
After 9 days of inoculation, extremely dense cytoplasm in 
the giant cell containing several nuclei and enlarged nucleoli, 
indicated enhanced cellular metabolic activities. All the giant cells 
in the giant cell complex had dense and granular cytoplasm. Some 
giant cells had stained heavily and the others lightly. The heavily 
stained giant cell had more dense cytoplasm than lightly stained 
giant cell. From this observation it might be inferred that the giant 
cells mobilized their metabolites towards the nematode and 
because of this, the giant cell cytoplasm was more dense in the 
giant cell which was near its head. The signals of mobility were 
probably sent to other neighbouring parenchyma cells. The giant 
cell near the head of the nematode was, therefore, metabolically 
more active than the cell away from it. Huang and Maggenti, 
(1969a) reported that surface area of the nuclei tremendously 
increased and the nuclei assumed amoeboid shapes having 
irregular lobes. Other workers supported the view that in 
developing giant cells, cell organelles became abundant (Jones 
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and Northcote, 1972; Jones and Dropkin, 1976J 
1976; Jones and Payne, 1978). 
Some of the giant cells, usually smaller ones^ ^^^=?^e¥©=ff^ ing 
less cytoplasm than the larger ones. The giant cell cytoplasm, after 
15 days of inoculation, was less dense than observed after 9 days 
of inoculation. A remarkable decrease in the amount of cytoplasm 
was an indication that rate of withdrawal of cytoplasm by the 
nematode was much higher than the rate of its production. This 
was a clear cut indication that the nematode removed cytoplasm 
directly from the giant cells. 
A decrease in amount of cytoplasm and also decrease in 
number of nuclei in all the giant cells, after 21 days of inoculation 
further supported that the nematode withdrew cytoplasm from 
giant cells at a higher rate. 
From the present study, it was further revealed that removal 
of cytoplasmic material by the nematode surpassed its 
accumulation in the giant cells at the time of egg deposition. After 
27 days of inoculation, giant cell complexes with less amount of 
cytoplasm were observed. According to Bird and Loveys (1975) 
and McClure (1977), the developing Meloidogyne female acts as a 
metabolic sink in infected plants. The photosynthetic products are 
mobilized from the shoots towards the roots particularly to the 
giant cells. Meon et al. (1978) reported that mobilization and 
accumulation of these substances reached to their maximum when 
the adult of females commenced egg laying. The rate of 
accumulation of cytoplasm in the giant cells decreased after egg 
laying. 
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When the nematode stopped feeding or it died, the giant 
cells were found collapsed (Krusberg and Nielsen, 1958). Our 
study revealed that giant cells did not collapse but changed into 
vessel like elements. This transformation might provide strength 
to the affected tissues and to prevent collapsing of galled tissues. 
Thus, in Ocimum sanctum it was found that the juveniles of 
M. incognita penetrated at or behind the root tips, migrated 
intercellularly, to the inner tissues, by separating the cell walls. 
Hypertrophy in the cells near and around the nematode was 
noticed soon after the entry of juveniles into the roots. Discrete 
giant cells enclosing dense and granular cytoplasm were observed 
after 48h of inoculation. Formation of giant cells in the 
differentiating phloem was found after 72h of inoculation. 
Formation of abnormal vessel elements near the giant cells was 
noticed after 6 days of inoculation. The giant cells, in close 
association of phloem elements were observed 6 days onwards. 
Extremely dense cytoplasm with several hypertrophied nuclei 
enclosing several nucleoli was detected 9 days after inoculation. 
Highly distorted vascular strands due to multiple infections were 
seen after 9 days of inoculation. Reduction in the amount of 
cytoplasm and the number of nuclei in the giant cells was evident 
after 15 days of inoculation. A decrease in number of nuclei 
indicated that the nematodes consumed nuclei as well as 
cytoplasm. After 21 days of inoculation, abnormal vessel elements 
of the size of small giant cells were noticed. Smaller giant cells 
became empty and changed into vessel like elements by the 
deposition of lignified secondary wall material. Larger giant cell 
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with little or no cytoplasm also transformed into abnormal vessel 
elements, 27 days after inoculation. 
B. GALL FORMATION 
24h After Inoculation: 
The second-stage juveniles of Meloidogyne incognita 
penetrated near the root tip region and migrated intercellularly 
towards the region of vascular differentiation. Hypertrophied 
cells around the nematode head were observed. The enlarged cells 
enclosed one to four hypertrophied nuclei. Each nucleus was 
associated with a large nucleolus (P. 5). 
48h After Inoculation: 
In most of the sections, giant cells were observed in infected 
areas. The dimensions of the giant cells were approximately 
190x22fj,m and the thickness of the infected portion of the root was 
slightly more than uninfected portion. The largest giant cell 
measured 213x24|im. Hypertrophy in vessel elements (P. 8,9 and 
10) and in phloem elements (P. 7,8,9 and 10) was noticed. 
Hyperplastic tissue was present near the giant cells (P. 7,8,9 and 
10) which was much prominent in P. 7. The width of the nematode 
was 13.4 \xm. 
72h after Inoculation: 
The width of the galled root increased to 0.5 mm, 72h after 
inoculation. The width of uninfected normal root was slightly less 
than the infected portion. The average size of the giant cell was 
210x80 |im. The parenchyma cells in uninfected root were 
isodiametric and diameter was of the order of 11.7 |im. Amount of 
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parenchyma near the giant cell increased (P. 11). Average width of 
the vessel element near the giant cell was 56.2 fim and in normal 
root it was 24.4 ^m. The width of endodermal cell increased to 
46.0 i^m in the galled roots and 25.7 i^m in normal roots. The 
width of the nematode increased to 15.5 [im. 
6 Days After Inoculation: 
The width of infected part was more than 0.5mm. The 
largest giant cell measured 257x21 ^m. Average size of the giant 
cell was 173x12 |im. The width of xylem parenchyma and cortical 
parenchyma, near the giant cells, increased to 24.7 )im and 19.2 
fim, respectively, as compared to normal parenchyma being 14.2 
|im. The abnormally large vessel element had a thickness of 57.4 
|im than a normal vessel element with 29.8 ^m thickness. There 
was no further increase in the thickness of endodermal cells. The 
nematode width increased to 19.2|Lim. 
9 Days after Inoculation: 
After 9 days of inoculation, the average width of galled root 
increased to 2.0 mm as compared to normal roots which measured 
about 0.5 mm in thickness. The largest giant cell reached to a 
maximum size of 288.6x29.4 i^m with an average of 195.2x18.7 fjm. 
Average widths of xylem and cortical parenchyma cells were 
29.7|im and 23.6 ^im, respectively. The width of the nematode 
increased and it reached to 28.1 fim. 
15 Days After Inoculation: 
Fifteen day old galled roots measured almost 2.5mm in 
width. The largest giant cell measured about 315.1x35.6 ^m with 
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an average of about 212.7x24.3 ^irn. There was r\o further increase 
in the diameters of xylem and cortical parenchyma cells. The 
average width of the nematode was measured to 43.6 |im. 
21 Days After Inoculation: 
The width of gall was measured to 1.5 cm after 21 days of 
inoculation, in comparison to normal root with 0.8 mm thickness. 
The size of the giant cell increased to maximum 317.2x37.3 |_im 
with an average of 226.2x28.9 |j.m. The width of hypertrophied 
vessel elements and hypertrophied parenchyma did not increase 
further. The width of the nematode was found to be 365.3 ^m. 
27 Days After Inoculation: 
The gall measured about 2.1 ^m after 27 days of 
inoculation. The nematode became pyriform and attained its 
maximum width of 439.2 |im, after 27 days of inoculation. Egg 
masses associated with females were also observed after 27 days 
of inoculation. 
DISCUSSION 
Galling, one of the earliest host response of root-knot 
nematode infection, results from hyperplastic and hypertrophic 
reactions taking place simultaneously. Christie (1936) proposed 
that galls are induced when Meloidogyne juveniles enter the root, 
but they may be induced without the entry of the juveniles 
(Schuster and Sullivan, 1960). According to Schuster and 
Sullvivan (1960), M. incognita penetrated its stylet and secreted 
certain material that stimulated host tissues to form galls. Our 
study revealed that the gall formation was induced when the 
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juveniles entered the roots and settled in the region of vascular 
differentiation. The formation of hypertrophied cells near the 
head and along the body length of the nematode, within 24 h of 
inoculation, supported the view of Schuster and Sullivan (1960). 
In early stages of galling, hypertrophy and hyperplasia of 
the surrounding cells appeared to be responsible for the formation 
of the galls on the infected roots. As a result of hypertrophy, the 
size of the giant cells increased several times of a normal cell. 
Presence of smaller cells near the giant cells indicated a 
simultaneous hyperplastic reaction in neighbouring parenchyma, 
in addition to giant cell formation and hyperplasia of 
neighbouring parenchyma cells. After 72 h of inoculation, 
hyperplasia in the vicinity of phloem was also found contributing 
in root galling. Enlargement in the size of vessel element seems to 
be a hypertrophic response of the root-knot nematode infection. 
This study confirms the finding of Jones and Payne (1978)., who 
observed giant cells and hyperplastic parenchymatous tissue in 
the infected root, within 48 h of inoculation. Xylem and phloem 
parenchyma divided actively after 72 h of inoculation and 
contributed in gall formation. Hypertrophy and hyperplasia both 
contributed in gall formation. All types of cells including vessel 
elements, xylem and cortical parenchyma and also endodermal 
cells contributed in gall formation. Increase in size of giant cells 
was found until 15'^ day of inoculation. From this study it was 
inferred that hyperplastic and hypertrophic reactions in different 
types of cells led to the formation of galls until 15'^ day of 
inoculation. 
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The size and the shape of the nematode changed from nemic 
form to pyriform during the process of development. The 
nematode became a mature female attaining largest size after 27 
days of inoculation. The production of egg masses by the adult 
females further contributed in increasing the gall size. Hatching of 
eggs started soon after egg mass laying. The newly hatched 
second-stage juveniles acted as secondary inoculum and that is 
why secondary infection was noticed after 27 days of inoculation. 
The egg masses were noticed within, as well as outside, the plant 
tissue. Secondary inoculum, induced another series of 
hypertrophic and hyperplastic reactions that caused a rapid 
increase in gall size. Some freshly hatched second-stage juveniles 
were found associated with preformed giant cells. These juveniles, 
instead of inducing new giant cells started feeding on old giant 
cells. Hypertrophic and hyperplasic reactions did not accompany 
such types of feedings. 
There are several reports on the mechanism of gall 
formation. These reports have revealed that gall formation results 
due to (i) formation of giant cells, (ii) hyperplasia in pericycle and 
xylem parenchyma, (iii) hyperplasia in xylem parenchyma, (iv) 
hypertrophy in cortical parenchyma, (v) pericycle parenchyma, 
(vi) xylem parenchyma, (vi) enlargement of the nematode and 
(viii) production of egg masses. Christie, (1936); Dropkin (1954); 
Krusberg and Nielsen, (1958); Davis and Jenkins, (1960); Dropkin 
and Nelson (1960); Bird, (1961); Owens and Specht, (1960); Bird, 
(1961; 1962); Owens and Specht, (1964); Hodges and Taylor, 
(1966); Siddiqui and Taylor, (1970); Siddiqui, (1971a); Orr and 
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Morey, (1978); Jones and Payne, (1978); Hisamuddin (1992), Bhatt 
(1999) and Yasmeen (2002) have supported these findings. 
C. VASCULAR ELEMENTS 
(i) Xylem: 
24 h After Inoculation: 
The second-stage juveniles were observed in the root, after 
24h of inoculation. The juveniles were located in zones of cell 
division, elongation and differentiation. Most of the juveniles 
were in the zone of cell division (P. 1,3 and 4). Some juveniles 
were found near the periphery of the root (P. 2). Vascular 
differentiation was not observed adjacent to the nematodes. The 
cells in the vicinity of the nematode body were larger than other 
cells (P. 5). 
48 h After Inoculation: 
In some sections the giant cells appeared to be completely 
surrounded by parenchyma cells (P. 6 and 7). In other sections the 
giant cells were found near the vessel elements (P. 8 and 10) or 
near the sieve tube elements (P. 9). The giant cells in close 
proximity of vessel elements were frequently observed (P. 10). 
The vessel elements adjacent to the giant cells had large diameter. 
Some vessel elements were as wide as giant cells (P. 10). 
72h After Inoculation: 
The giant cells were found associated with hypertrophied 
and hyperplastied parenchyma (P. 11) without prominent xylem 
and phloem elements. P. 12 shows bulging of the root with highly 
distorted internal anatomy of infested roots. In xylem strands, the 
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length of the vessel elements decreased near the giant cells. The 
vessel elements had greater diameter near the giant cells. Some 
vessel elements were observed which were more or less 
isodiametric as if those were arising from parenchyma cells (P. 
13). The vessel elements near the nematode body were wider than 
at other parts of the same vessel (P. 16). 
6 Days After Inoculation: 
In the region of giant cell complexes, the vascular strands 
appear to be broken abruptly (P. 17). Few vessel elements of 
various shapes and sizes were located near the giant cell 
complexes (P. 18). These abnormal vessel elements resembled with 
the shapes of neighbouring parenchyma cells. These abnormal 
vessel elements were larger than the parenchyma cells (P. 19 and 
20). Some vessel elements under the process of transformations 
were very large (P. 18 and 19). 
9 Days After Inoculation: 
The vessel elements near the giant cells became broader and 
shorter (P. 21 and 22). The vascular strands appeared broken and 
randomly dispersed in the stele (P. 22). Several hypertrophied 
parenchyma cells in the infected root were found transforming 
into vessel like elements (P. 21, 22, 28 and 29). The transforming 
vessel like elements were having very thick secondary wall 
depositions. The depositions were spiral or reticulate, however, 
most of them were helical or annular or in a stage of transition 
towards reticulation (P. 23, 28 and 29). Formation of several giant 
cell complexes made it difficult to trace normal vascular strand (P. 
25 and 27). 
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15 Days After Inoculation: 
After 15 days of inoculation, abruptly broken normal 
vascular strand with dispersed and abnormal vessel elements was 
observed (P. 30). P. 33 shows a normal vascular strand and 
abnormal vessel elements near the giant cells. The parenchyma 
cells between the giant cell and the vascular strand transformed 
into vessel like elements. Some cells of the size of giant cells also 
transformed into vessel like elements (P. 34). The abnormal vessel 
elements were of different shapes and sizes. 
21 Days After Inoculation: 
In most of the sections, the giant cells were found in close 
association with abnormal vessel elements (P. 36, 37, 38, 39, 40, 41, 
42 and 43). The abnormal vessel elements were either elongated 
(P. 39) or isodiametric. The abnormal vessel elements arising from 
large parenchyma cells were also observed (P. 39, 41 and 42). At 
certain instances the giant cell complex was found to be 
completely surrounded by abnormal vessel elements (P. 37). 
27 Days After Inoculation: 
Abnormal vessel elements were observed in large number, 
these were of various sizes and of various shapes (P. 44, 45, 46, 47, 
48, 49, 50 and 51). All the abnormal vessel elements were having 
very thick reticulate cell walls. In some sections a group of 
abnormal vessel elements were enclosing the giant cell complex 
(P. 45 and 51) were observed. 
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DISCUSSION 
In this experiment abnormality in the structure of vascular 
elements was noticed after 48h of inoculation. The width of 
metaxylem elements in affected parts increased two times of 
unaffected parts. After 72 h of inoculation, abnormality in 
orientation of xylem strands was observed. The xylem strands and 
these were found to be pushed away from their normal position, 
most probably due to proliferation of giant cells, and due to 
hyperplasia and hypertrophy of neighboring parenchyma cells. 
This abnormal orientation became more pronounced 9 days after 
inoculation, where the xylem strand was found pushed to one side 
or the other side in a zig-zag manner, when seen in longitudinal 
section. The vessel elements were found not only shortened and 
proliferated but also deformed and assuming irregular shapes. 
After 15 days of inoculation the vessel elements were also seen in 
the form of scattered patches. But whatever be the orientation of 
xylem strands, their continuity was always maintained 
throughout the gall. 
Christie (1936) was of the opinion that vascular strands 
passing around the giant cells were pushed out of the normal 
position. Continuity of the vascular cylinder, however remained 
undisturbed. Occurance of xylem and phloem, in scattered 
patches was observed throughout the gall, interruption in their 
continuity due to giant cell formation has also been reported 
(Davis and Jenkins 1960; Odihirin and Jenkins, 1965). The present 
study supports the former view. In wheat roots hypertrophy in 
vessel elements was reported by Siddiqui and Taylor (1970). 
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The growth of root apex, is temporarily checked in infected 
roots which results in poor nutrient uptake, when roots are 
invaded by Meloidogyne juveniles (Hussey, 1985). To compensate 
the loss of water and nutrients caused due to root growth 
inhibition, probably, the root gives out a large number of branches 
as has been reported by Christie (1936); Krusberg and Nielsen 
(1958); Davis and Jenkins (1960). From this study it is inferred that 
large number of lateral branches facilitate absorption of water and 
mineral nutrients in larger amounts. 
Although lateral branches of roots absorb nutrients in 
sufficient amount, but these are not translocated towards the 
shoots properly unsteady upwards translocation (Oteifa and 
Elgindi, 1962; Hanowanik and Osborne, 1975). In order to 
overcome an impaired translocation, probably, plant adapts to 
produce xylem elements in large amount. 
Another function of abnormal xylem might be the protection 
and the support. The giant cells, which are highly specialized 
cells, have been observed to be covered by abnormal vessel 
elements. These vessel elements are transformed from 
neighbouring parenchyma cells. In this way, the giant cells are 
given protection to prevent their collapse. According to Krusberg 
and Nielsen (1958) if mature female nematode stops feeding or 
dies, the giant cell cytoplasm degenerates and disappears, and 
finally the giant cell is collapsed. From our study it might be 
suggested that giant cells instead of being collapsed were 
transformed into stronger cells i.e. vessel elements. The giant 
cells, transforming into vessel like elements, loose their 
cytoplasm. Again, this mechanism of transformation of giant cell 
66 
into vessel like element seemed to provide extra mechanical 
support to the giant cell, and to prevent the entire gall from being 
collapsed. 
From this study it might be concluded that the abnormality 
in orientation of vascular strands was started 48h after 
inoculation. The orientation of vascular strands was severely 
distorted due to multiple hypertrophic and hyperplastic reactions 
taking place continuously in affected portion. The strands became 
wavy and appeared as scattered patches, when seen in 
longitudinal sections. The vessel elements became structurally 
abnormal within 24 h of inoculation. The vessel elements 
broadened near giant cells due to hypertrophic reactions. 
Irregular shapes and sizes of vessel elements of metaxylem 
strands were consequenced upon pressure exerted on them by the 
tissue resulting from hypertrophic and hyperplastic reaction. 
Abnormal origin of vessel elements was observed 72 h after 
inoculation from small parenchyma cell; 15 days after inoculation 
from hypertrophied parenchyma cell; 21 days after inoculation 
from giant cells. From these observations, it is suggested that 
formation of vessel elements in excess amount might increase 
upward translocation, or supply water to giant cells, or provide 
support to entire gall to prevent its collapse. 
(ii) Phloem: 
24h After Inocualtion: 
After penetration, the juveniles of Meloidogyne incognita 
were observed in the zones of cell division, elongation and 
differentiation of the growing root. The juveniles were present in 
67 
the peripheral and the central region of the developing root. The 
juveniles that reached the zone of differentiation occupied a place 
near phloem differentiating cells (P. 4). 
48h After Inoculation: 
The giant cells were found to be induced near the phloem 
differentiating cells as is evident from P. 6 and 7. There was no 
trace of vessel elements adjacent to the developing giant cells (P. 
6). In other sections, vessel elements were found near the giant 
cells but phloem elements were also seen in contact with the giant 
cells (P. 8,9 and 10). 
72h After Inoculation: 
The giant cells became very large and prominent. These 
were found completely surrounded by more or less isodiametric 
and elongated cells. The elongated cells appeared to be phloem 
differentiating cells (P. 11). In some sections the juveniles were 
traced in differentiating phloem elements (P. 12, 13,14, 15 and 16). 
6 Days After Inoculation: 
The giant cells became so large that they distorted the 
anatomy of the affected root. A juvenile with its head in phloem 
zone was found in an affected root (P. 18). The giant cell complexes 
were found well connected with the phloem strands (P. 17). 
9 Days After Inoculation: 
In an affected root, the giant cells became prominent. These 
were found in close association with phloem elements. The giant 
cell complexes were always found adjacent to phloem elements. 
The vessel elements in the normal strands were elongated but 
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adjacent to giant cells were of different shapes. Some of the sieve 
tube elements were isodiametric (P. 22). 
After 9 days of inoculation, some giant cells were observed, 
for the first time, in cortical region (P. 21). The consecutive serial 
sections revealed that cortical giant cells were associated with the 
vascular strands of root branches. These giant cells were also 
found associated with sieve tube elements. 
15 Days After Inoculation: 
The internal anatomy of the infected root became quite 
distorted, after 15 days of inoculation. The developing nematodes 
and the giant cell complexes disturbed the orientation of vascular 
strands. P. 30 shows a normal vascular strand comprising of 
normal phloem elements. At the same time phloem elements 
could be seen diverted towards the giant cell complexes, 
developed towards the periphery of the root. A branch of vascular 
strand connected to the giant cell towards the cortex was observed 
(P. 32). The giant cell complex, almost completely surrounded by 
phloem elements, was also traced (P. 35). 
21 Days After Inoculation: 
The abnormal xylem was abundant near the giant cells but 
normal and abnormal phloem elements were also present near the 
giant cells. Phloem elements connected to the giant cells were seen 
in P. 37; and diverted towards periphery of the root and in contact 
with giant cells were observed in P. 43. 
27 Days After Inoculation: 
Although, the giant cell complexes appeared to be 
completely surrounded by vessel elements but phloem 
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connections with such giant cell complexes were also of common 
occurrence. The giant cells were found associated with abnormal 
phloem elements (P. 46, 48 and 49). 
The phloem elements near the giant cells comprised of both 
long as well as short cells (P. 46). These were identified on the 
basis of the presence of slime plugs at the ends of sieve tube 
elements. 
DISCUSSION 
After 24h of inoculation, hypertrophy of cells near the 
nematode head was observed, but discrete giant cells were 
observed only after 48h of inoculation. After 24h, the nematodes 
were observed in the zones of cell division, elongation and 
differentiation. In any zone, the giant cells were not found. In 
some cells hypertrophy was noticed but the effect was not so 
pronounced that it could result in giant cell formation. Discrete 
giant cells, having thick cell wall, dense cytoplasm and large 
nuclei, were noticed after 48h of inoculation. In most of the slides, 
the affected cells appeared to be parenchyma cells. The cells 
adjacent to such giant cells were elongated, therefore it was 
assumed that the giant cells were induced in the zone of vascular 
differentiation. 
The phloem region appeared to be the only preferential 
feeding site of the nematodes. The nematodes which were unable 
to induce giant cells in undifferentiated zone were found lying 
with their heads in phloem region, as was observed 72h after 
inoculation. Presence of parenchyma like cells in between the 
giant cells and the sieve tube elements indicated that nematode 
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induced hyperplastic reaction in undifferentiated cells, which had 
to be transformed into sieve tube elements. Ediz and Dickerson 
(1976) found that most of the giant cells occurred in phloem 
region. Primary phloem or adjacent parenchyma was selected as 
feeding sites by nearly all the root-knot nematodes (Byrne et ah, 
1977; Finley, 1981). 
Since giant cells are highly metabolically active cells, 
therefore, they should remain connected with the phloem, directly 
or indirectly. This connection is essential for a continuous supply 
of assimilates to carry out cellular activities at an enhanced rate. 
This view is strengthened by observing sieve tube elements in 
direct contact with cell walls of the giant cells. Formation of sieve 
tube elements from the hyperplastic parenchymatous cells of the 
phloem further supported that giant cells remained connected 
with the phloem. 
Phloem elements were found to be highly affected during 
gall formation, as is evident from the sections obtained after 9 
days of inoculation. The orientation of sieve tube elements was 
highly non-uniform; firstly due to the formation of giant cells; and 
secondly due to the development of the nematode. Because of 
these two factors the phloem strands appeared to be scattered. 
The sieve tube elements instead of running in a straight line 
appeared to be running from the left, right, above and below the 
nematode and the giant cells. Continuity of phloem strands, 
however, did not break. Discontinuity in sieve tube elements had 
been reported by Jacobs and Marrow (1958) in early stages of 
phloem development, after infection. 
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Sieve tube elements, near the giant cells had irregular 
shapes and sizes, as was observed after 15 days of inoculation. 
These abnormalities were probably due to two reasons; firstly due 
to hypertrophic reactions in the affected region and secondly due 
to transformation of sieve tube elements from ordinary 
parenchyma cells. The juveniles that penetrated after 
differentiation of vascular elements probably caused giant cell 
formation in cortex. After root-knot nematode infection, the 
infected root produced a large number of fibrous roots. Formation 
of a large number of lateral branches in the galled region is a 
phenomenon induced by the nematode, when the giant cell 
formation is induced in cortical region. The response of induction 
is so immense that it reaches the pericycle, which is activated to 
produce lateral branches. The vascular tissues of such lateral 
branches come in contact with the cortical giant cells. 
Formation of giant cells in the cortex has been reported in 
many plants (Krusberg and Nielsen, 1958; Ediz and Dickerson, 
1976). This observation supported that giant cells were not 
derived from cortical parenchyma but from undifferentiated 
meristematic cells. The giant cells which were observed in the 
cortex were not formed in isolation, but they were found 
connected with the phloem strands of the root branches. Thus, the 
branches of the roots produced in response to root-knot nematode 
infection (Christie, 1936; Krusberg and Nielsen, 1958) were 
supposed to increase rate of absorption of water. At the same time 
the root branches helped in transporting metabolites to the giant 
cells. The phloem elements were found supplying photosynthates 
72 
to the giant cells. Orientation and shape of sieve tube elements 
was changed due to enlargement of nematode body. 
The giant cells more or less surrounded by the xylem, were 
reported by Christie (1936), Krusberg and Nielsen (1958). They 
did not mention any other tissue adjacent to the giant cells except 
the xylem. Siddiqui and Taylor (1970) found giant cells, 
completely surrounded by xylem, after 9 days of inoculation. 
Finley (1981) stated that giant cells were formed in phloem tissue 
of roots, stolons and tubers of potato as a result of Meloidogyne 
chitwoodi infection. Completely suppressed phloem was reported 
by Swamy and Krishnamurthy (1971) in M. incognita infected 
Basella roots. Abnormal sieve tube elements with unusual 
orientations were formed in Lagenaria roots only after the 
destruction of primary phloem as a result of M. javanica infection 
(Siddiqui and Ghouse, 1975). 
From our findings it might be concluded that the giant cells 
appeared to be completely enveloped by abnormal xylem 
elements, but the study of serial section revealed that none of the 
giant cell was fully enveloped by only xylem elements. The giant 
cells were always found connected with the phloem elements. The 
sieve tube elements, in the secondary phloem appeared to be 
diverted towards the giant cells, when seen in transverse section. 
In this way the supply of assimilates to the giant cell was not 
disrupted. Thus, giant cells obtain metabolites continuously 
through phloem elements. 
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Section-II 
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EXPERIMENT 2 
Effect of different inoculum levels of Meloidogyne incognita on 
growth and yield of Ocimum sanctum, reproduction of the 
nematode and internal structure of root. 
I N T R O D U C T I O N 
Meloidogyne incognita, a parasitic nematode causes severe 
damage to a large number of plant species including the members 
of the family Lamiaceae. Low or high population densities of this 
nematode produce different effects on plants. At low inoculum 
levels, sometimes the plant growth is stimulated, but at other 
times it is suppressed. Wallace (1971) found an increased plant 
growth at lower population densities and decreased at higher 
population densities. Dropkin (1954) inoculated tomato roots with 
a single juvenile of M. incognita and measured the size of the 
resulted gall. He therefore hypothesized that each individual 
nematode produced a finite response on the root tissue and by 
measuring the gall size, number of nematodes in the gall might be 
predicted. In heavily infested roots, it is very difficult to follow 
the hypothesis. 
The following study was carried out to determine the effects 
of different inoculum levels on : (i) the plant growth, (ii) the plant 
yield, (iii) the number and size of the galls, (iv) the number of egg 
masses per plant, (v) the number of eggs per egg mass in roots 
and (vi) the number of mature females per gram of root, of 
Ocimum sanctum. 
Histopathological studies, of the galls produced as a result 
of different inoculum levels, were also carried out. For this 
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purpose (i) size of the mature females (ii) size of the giant cells 
(iii) the number of giant cell, nuclei and nucleoli and 
abnormalities in xylem and phloem were studied. 
MATERIALS AND METHODS 
Raising the Test Plant: 
The seeds of Ocimum sanctum L. (green variety). Krishna were 
procured from National Seeds Corporation, New Delhi. The seeds 
were axenized by NaOCl method (Koenning and Barker, 1985). 
About 200 seeds were placed in a sterilized beaker containing a 
mixture of 95% ethanol and 5.25% NaOCl in the ratio of 1:1. The 
mixture was stirred gently and the seeds were allowed to soak for 
about 10 minutes. The mixture was drained off and the seeds were 
rinsed thrice with distilled water. 
The axenized seeds were sown in 30 cm diameter clay pots 
containing steam sterilized soil (7 clay: 3 sand: 1 farmyard 
manure). Initially there were five seedlings per pot, these were 
thinned to one plant per pot, when the seedlings reached three-
leaf stage. 
Inoculation with Nematode: 
Meloidogyne incognita (Kofoid and White) Chitwood was 
selected as test pathogen. To perform experiments during the 
period of research, pure culture of M. incognita was maintained on 
egg plant (Solanum melongena L.) roots in the glass house by'using 
single egg mass. The egg masses from galled roots of egg plant 
were picked with the help of sterilized forceps and were allowed 
to hatch. The second-stage juveniles were collected in distilled 
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water and counted with the help of counting dish. Three-leaf 
stage seedlings were inoculated by making holes of 5-7 cm depth 
around the plant within the radius of two centimeters. The 
second-stage juveniles at the rate of 5J2, SOJi, 5OOJ2 and 5,000j2 per 
10 ml of water were pipetted into the soil through the holes. The 
holes were then plugged with the sterilized soil soon after 
inoculation. Each treatment was replicated five times and the pots 
were arranged in randomized complete block design. 
Uninoculated set of plants served as control. There were five sets 
of pots as given below: 
C : control 
Ti : 5j2/pot 
T2 : 50j2/pot 
T3 : 500j2/pot 
T4 : 5,000j2/pot 
Watering was done regularly and the plants were uprooted 
after three months of inoculation. The data for different 
parameters were collected and statistically analysed. 
PARAMETERS 
Plant Growth: 
Root length, shoot length and internodal length of the plants 
were measured with the help of meter scale. Number of branches 
of the shoots was counted by visual observation. The roots and 
the shoots of the plants of each treatment, when fresh, were 
weighed separately and afterwards, these were placed in bamboo 
paper envelopes. These envelopes were kept in an incubator and 
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left for 48 hours at 80oC. The dried shoots 
weighed again to obtain dry weights. 
Leaf Area: _ 
Five medium size mature leaves from each treatment were 
randomly selected for this purpose. Outline of the shape of each 
leaf was drawn on rice papers and the area occupied was 
measured with the help of planimeter. 
Yield: 
The weight of 100 seeds, randomly selected from each 
treatment, was taken as yield. 
Number and Size of Galls: 
The number of galls per root system was counted by visual 
observation. The size of the gall was obtained by measuring 
maximum length and width (in mm^) on a meter scale. 
Number of Egg Masses: 
The number of egg masses per root system on infected roots 
was counted after staining egg masses with phloxin B. An 
aqueous solution of phloxin B 0.15g per litre of water was 
prepared. The galled roots were placed in this solution for 15-20 
minutes. The roots were gently rinsed in tap water. The egg 
masses were stained red and were counted directly. 
Number of Eggs per Egg Mass: 
About 10 mature egg masses were selected randomly from 
root galls of each treatment. The egg masses were treated with 20 
ml of NaOCl (2%) solution and stirred vigorously for one minute. 
77 
The egg masses were stained with acid fuschin (Byrd et al, 1972) 
and then counted under stereoscopic microscope. 
Number o£ Mature Females: 
For counting the number of mature females the root samples 
taken from each treatments were blended with 200 ml water in a 
warring blender for 30 seconds at low speed. The resultant 
suspension was passed through coarse and 100 mesh sieves in 
order to separate root tissues. The total female population was 
number of female nematodes in the suspension was divided by 
the weight of each root system to derive population per gram 
root. 
REPRODUCTION FACTOR (Rf) AND RATE OF POPULATION 
INCREASE (RPI): 
For final population (Pf), soil population was estimated by 
Cobb's sieving and decanting method, and root population was 
estimated by Blender- Baerman tray method (Hooper, 1985). 
Reproduction factor (Rf) was calculated by the formula: 
Pf 
Rf = — 
Pi 
where Pf is the final population and Pi is the initial population. 
Rate of population increase (RPI) was calculated by the formula: 
Pi 
HISTOPATHOLOGICAL STUDIES: 
From the infected roots, few galled portions were selected from 
each treatment for performing histopathological studies. The 
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galled tissues were fixed in formalin aceto-alcohal (F.A.A.) and 
then dehydrated through tertiary butyl alcohol (T.B.A) schedule 
(Johansen, 1940) (Table-1). The galls were infiltrated with paraffin 
oil and then embedded in paraffin wax. The wax embedded galls 
were trimmed to small blocks and then fixed on wooden blocks. 
Sections of lOfim thickness were obtained in the form of ribbon 
with the help of rotary microtome. The ribbons were cut and 
mounted on the slides which were kept in an incubator at 40°C for 
24h (Johansen, 1940) (Table-1). The sections were stained with 
safranin and fast green as described by Sass (1951) (Table-2). 
Anatomical details were observed under light microscope and 
necessary photographs were taken. 
RESULTS 
Plant Length: 
The length of the root and the shoot of Ocimum sanctum, 
inoculated with different inoculum levels of second- stage 
juveniles of Meloidogyne incognita decreased, when compared with 
uninoculated (control) plants (P. 60). The reduction in plant length 
of Ti and T2 plants was non-significant at the initial inoculum 
levels of Pi = 5j2 and Pi = 5OJ2 per pot. Significant reductions (p < 
0.05) in T3 and (p < 0.01) T4 plants were observed in comparison to 
control (C). The reduction was maximum in T4 plants grown at Pi 
= 5,000j2 per pot (Table 3A, H-1). There was higher reduction in 
the length of the roots than the shoots. 
Root and Shoot Weight: 
Fresh weights and the dry weights of the roots and the 
shoots of root-knot nematode inoculated plants exhibited 
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reduction over the control (C) (H-1). The weights of the roots and 
shoots reduced non-significantly at the inoculum levels of Pi = 5J2 
and Pi = 5OJ2, in comparison to control. A significant (p < 0.05) 
reduction in fresh and dry weight of the roots and the shoots, in 
comparison to control, was noticed at Pi = 5OOJ2 per pot. 
Reduction in fresh as well as dry weights of both the roots and the 
shoots was much higher and significant (p < 0.01) in the 
treatments T4 grown at the initial inoculum levels of Pi = 5,000j2, 
respectively, in comparison to control (Table 3A). 
Internodal Length: 
The length of internodes of the shoot showed variation in all 
the treatments (H-2). There was no significant difference in 
internode length of Ti and T2 plants, when compared with control. 
Significant reductions were noticed in T3 (p<0.05) and T4 (p<0.01) 
plants. At the highest inoculum level (Pi = 5,000j2), in T4 plants, 
the reduction in internode length was maximum (Table 3A) 
Number of Shoot Branches: 
In the root-knot nematode inoculated plants, the number of 
shoot branches per plant decreased with the increase in initial 
inoculum levels (H-2). The number of shoot branches decreased 
but non-significantly at the initial inoculum levels of Pi = 5J2 and 
5OJ2, when compared with control. A significant (p < 0.05) 
decrease in the number of branches per plant was observed in T3 
plants inoculated with 5OOJ2 per pot. Reduction in branch number 
was higher in T4 and was also significant (p £ 0.01). At an initial 
inoculum level of Pi = 5,000j2, reduction in branch number was 
the greatest (Table 3A). 
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Leaf Area: 
The leaf area of the plants inoculated with the root-knot 
nematode, when compared with control, decreased non-
significantly at lower (Pi = 5J2 and Pi = 5OJ2) and significantly at 
higher (Pi = 5OOJ2 and Pi = 5,000j2) inoculum levels (H-2). The 
reduction in leaf area was significant at p < 0.05 at an initial 
inoculum level of Pi = 5OOJ2 (in T3 plants), when compared with 
control. Higher and significant (p < 0.01) reductions in leaf area 
were noticed at the initial inoculum levels of Pi = 5,000j2 per plant 
over the control (Table 3A). 
Seed Weight: 
After maturation and ripening of the fruits, the seeds were 
gathered, dried and weighed. The weights of the seeds collected 
from all the treatments were found to be lower than the weights of 
the seeds of control plants (H-2). The seed weights of Ti and T2 
plants were slightly and non-significantly lower than the controls. 
Significant (p £ 0.05) decrease in weight of 100 seeds was 
observed at an initial inoculum level of 5OOJ2, in comparison to 
control. There were significant (p < 0.01) reductions, in 
comparison to control, in the weights of the seeds at the initial 
inoculum level of Pi = 5,000j2 per pot, in T4 plants (Table 3A). 
Number of Galls: 
The galls were smaller and almost unnoticeable on the roots 
of Ti plants that were grown at the lowest initial inoculum level of 
Pi = 5J2. The number of galls per plant increased with the increase 
in initial inoculum level. The number of galls on the roots of T2 
plants at Pi = 5OJ2 was higher but non-significant, when compared 
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with the gall number at the lowest inoculum level. A significant (p 
< 0.01) increase in gall number on T3 plants (Pi=500 J2, per pot), in 
comparison to lowest inoculum level (Pi = O5J2), was observed. 
The number of galls also increased greatly and significantly (p < 
0.01) at the next higher inoculum level of Pi = 5,000J2 in 
comparison to the lowest inoculum level (Table 3B). 
Size of Galls: 
The size of the galls was found to be increased at higher 
inoculum levels when compared with the galls at the lowest 
inoculum levels (Table 3B). A non-significant increase in gall size 
was noticed on T2 plants at Pi = 5OJ2 in comparison to the gall size 
at Pi = 5J2. A significant (p < 0.01) increase in the gall size at the 
inoculum level of Pi = 5OOJ2 was observed when the comparisons 
were made with the galls of Ti plants. A significant (p < 0.01) 
increase was also seen in the size of the galls at Pi = 5,000j2 and 
the galls attained their largest size at this inoculum level when 
compared with the size of the galls on Ti plants (Table 3B). 
Number of Egg Masses: 
An increase in the number of juveniles introduced per plant 
resulted in the increase in the number of egg masses per plant. 
The average number of egg masses recovered from the lowest 
inoculum level of Pi = 5OJ2 was very low (2.1 per plant). A non-
significant increase, in comparison to Ti, in the number of egg 
masses per plant was observed at the initial inoculum level of Pi = 
5OJ2. The number of egg masses per plant significantly (p £ 0.01) 
increased at the initial inoculum level of Pi = 5OOJ2 when 
compared with Ti and T2. The increase in the number of egg 
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masses per plant was significantly (p < 0.01) higher as observed at 
Pi = 5,000j2, in comparison to Ti, T2 and T3 plants (Table 3B) 
Number of Eggs Per Egg Mass: 
The number of eggs per egg mass decreased with an 
increase in initial inoculum level. The differences were significant 
(p < 0.01) at all the inoculum levels (Pi = 50, 500 and 5,000 J2), 
when compared with Ti, at the lowest inoculum level of Pi = 5J2 
(Table 3B). 
Number of Mature Females: 
The number of mature females recovered from the 
inoculated roots increased with the increase in the initial 
inoculum level. The number of mature females per gram root was 
very low (2.2) at the initial inoculum level of Pi = 5J2 on Ti plants. 
A non-significant increase in the number of mature females per 
gram root was noticed at Pi = 5OJ2 (T2) as compared with (Ti) 
plants, at the lowest initial inoculum level (Pi = 5J2). The number 
of mature females per gram root increased significantly (p < 0.01) 
at the initial inoculum level of Pi = 5OOJ2 when compared with Ti. 
Their number was greatest at the highest inoculum level of Pi = 
5,000j2 per pot (Table 3B). 
Reproduction factors (Rf) and Rate of Population Increase: 
Reproduction factors (Rf) and rate of population increase 
(RPI) decreased with an increase in initial inoculum level, 
maximum being at the lowest and minimum at highest inoculum 
level (Table 3B). 
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Histopathological Studies: 
Longitudinal and transverse sections of Ocimum sanctum 
infected with root-knot nematode (Meloidogyne incognita) exhibited 
severe infection, when compared with the healthy ones. The 
juveniles that entered the roots established a successful host-parasite 
relationship by inducing giant cells. After penetration into the roots 
of O. sanctum, the second- stage juveniles led to the induction of 6-8 
multinucleate giant cells. The giant cells were induced in the phloem 
region. (P. 52) A cluster of more than 10 or more giant cells was 
observed when two nematodes were found lying side by side and 
feeding on the same giant cell complex. (P. 53). 
There were great variations in the size of the giant cells. At 
lower inoculum levels, the nematode and the giant cells were found 
at one or two places (P. 54), when seen in transverse section. At 
higher inoculum levels, all the four parenchymatous rays were seen 
occupied by the nematode and the giant cells (P. 55). 
The giant cell cytoplasm was dense and more granular (P. 
56) at lower inoculum levels (Pi = 5 and 5OJ2) whereas at higher 
inoculum levels (Pi = 500 and 5,000j2) it was less dense (P. 57). The 
multinucleate condition of giant cells varied at different inoculum 
levels. The number of nuclei was higher at lower initial inoculum 
level (Fig. 56 and 57) than at higher inoculum levels. The nuclei 
were amoeboid, circular and oval in shapes at lower inoculum 
level but at higher inoculum levels the nuclei were mostly 
amoeboid. The increase or decrease in initial inoculum level had 
no effect on size and shape of nucleoli. The nucleoli varied from 4-
10 in a single nucleus, but 4-6 nucleoli were observed more 
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frequently (P. 58). Distortion of xylem strands occurred as a result 
of nematode infection but the amount of abnormal xylem was 
higher at the higher inoculum levels than at the lower inoculum 
levels. Similarly, the orientation of phloem strands was also less 
distorted at lower than at higher inoculum levels (P. 52). Phloem 
elements were found associated with every giant cell cluster (P. 52 
and 59). 
DISCUSSION 
Inoculation of Ocimum sanctum with second-stage juveniles 
of Meloidogyne incognita caused reduction in plant length as is 
evident from H-1 and Table 3A. An increase in the number of 
juveniles at different inoculum levels decreased the length of the 
plant. The relationship between the juvenile population and the 
plant length was inversely proportional, and conversely the 
relationship between the juvenile population and reduction in 
plant length was directly proportional. The inoculum level 
comprising of 5OOJ2 per plant was the lowest level that caused 
significant reduction in plant length. Increase in inoculum level 
from 5J2 per pot to 5,000 J2 per pot brought about a gradual 
decrease in length, fresh weight and dry weight (H-1 and Table 
3A). Adverse effects on growth of different plants with an 
increase in primary inoculum level of Meloidogyne spp. have been 
reported by several workers (Barker and Olthof, 1976; Barker, 
1977; Nordacci and Barker, 1979; Kinloch 1980, 1982; Rodriguez 
Kabana and Williams, 1981; Appel and Lewis, 1984; Ibrahim and 
Lewis, 1985; Verma and Ali, 1993; Vashisth et al, 1994; Gupta et 
ah, 1995; Haseeb et al., 1996, Fazal et al., 1996; Ramakrishnan and 
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Rajendran et al., 1998; Sharma et ah, 1999; Rombati and 
Dhanachand, 2000; Singh and Goswami, 2000; Jain et al, 2000; 
Jonathan and Rajendran, 2000; Kumar, 2000; Pathak et al, 2000; 
Tiyagi et al, 2001, Gergon et al, 2002, Nehra and Trivedi, 2002; 
Khan, 2003; Hisamuddin et fl/.,2003, 2004; Khan et al, 2004; Manoj 
and Pathak, 2004; Pathan et al, 2004; Youssef 2004; and 
Hisamuddin et al, 2005). 
In O. sanctum, the length of the internode was also observed 
to be affected by the nematode infection. The number of the 
branches of the shoot also decreased at higher inoculum levels. 
The leaf area was reduced with increase in inoculum levels. All 
these findings led to an outcome that low or high population of 
M. incognita was detrimental to the plant as a whole. This was 
further supported by the fact that yield, in terms of weight of 
seeds, was decreased in root-knot nematode inoculated plants. 
The plant responses towards M. incognita could be reflected 
by the symptoms developed on the roots and the shoots. The 
infested plants generally show the symptoms of stunting, 
yellowing and burning of lower leaves, and severe galling on the 
root system. Dwarfing and stunting however, are the most 
commonly observed symptoms of root-knot disease. The 
characteristic symptoms sometimes may or may not develop on 
the plant. From our studies, it is evident that every increase in the 
primary inoculum level from 5 to 5,000 J2 caused a corresponding 
decrease in the plant growth and yield characters. 
The damage caused to the plant as a result of M. incognita 
infection involves several mechanisms. The plant growth might be 
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affected due to removal of nutrients by the nematode. There are 
several reports narrating that the root-knot nematode influenced 
the transport mechanism from root to shoot and translocation of 
metabolites from leaves to other organs, and reduced the amount 
of photosynthetic pigment (Loveys and Bird, 1973; Wallace, 1974 
and Melakeberhan et al, 1985). The nutrient transport from the 
root towards shoot was curtailed probably due to anatomical 
abnormalities developed in the galled regions. Morever, the 
photosynthates were diverted towards the giant cells that acted as 
metabolic sinks. All these malfunctions contributed in the 
suppression of plant growth and yield (Hussey, 1985). 
Fazal et al, (1996) suggested a threshold level of 1,000J2 of 
M. incognita on mungbean whereas further higher inoculum 
levels, proved detrimental to the plant growth. Singh and 
Goswami (2000) observed significant reduction in growth of 
cowpea plants at 1,000 nematodes per 500g of soil. Pathak et al. 
(2004) reported minimum damaging threshold level of 500j2/kg 
soil for spinach and fenugreek. Khan and Ashraf (2005) reported 
detrimental or pathogenic effect of 2,000j2 of M. incognita and 
1,000J2 of M. javanica per plant on lettuce {Lactuca sativa). 
In the presence of higher number of nematodes the chances 
of infection are greatly increased. The growing roots as well as 
newly emerged roots are frequently attacked by the juveniles 
causing severe infection in roots leading to heavier damages to 
the plants. The reduction in internodal length of the shoot might 
have contributed in stunting and dwarfing of the plant that are 
the characteristic symptoms established by M. incognita. 
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The number of shoot branches reduced non-significantly at 
lower inoculum levels. On the other hand, significant reductions 
in the number of branches occurred at higher inoculum levels. The 
root-knot nematode infection markedly retards the rate of 
absorption by the roots and also affects the rate of translocation 
towards the shoot apices. Oteifa (1952) compared Meloidogyne 
infected plants with the plants grown in nutrient deficient soils 
and observed that similar nutritional deficiency syrmptoms 
occurred in the foliage of both kinds of plants. Hunter (1958) 
correlated poor nutrient uptake and suppressed plant growth 
with highly reduced root system as a result of root-knot 
nematode infection. The nutrient materials were prevented, upto 
certain extent to reach the top of the plant which resulted in 
reduction of total photosynthetic leaf area. Jonathan and 
Rajendran (2000) also reported significant reduction in leaf area of 
Musa sp. at 1,000 and 10,000 juveniles per kg of soil. 
With an increase in the initial inoculum level, there was a 
corresponding reduction in the seed weight, with a greatest 
reduction at highest inoculum level. The disturbances caused by 
Meloidogyne in plant roots impaired some physiological 
phenomena of the plant. The translocation patterns from the root 
to the shoot and vice versa were drastically influenced which 
might have affected the yield of the plant. Barker (1977) assessed 
yield losses from 3.7 to 19.9% in tobacco due to M. arenaria, M. 
hapla, M. incognita and M. javanica for each ten fold increase in 
initial density for each species. Ramana et al. (1998) reported 
29.60 to 33.35% yield loss in ginger at Pi= 0.2 per 100 cc soil. 
Reduction in yield of Papaver rhoeas and Eclipta alba as a result of 
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M. incognita infection has been reported by Hisamuddin et al. 
(2003, 2004). 
With an increase in initial inoculum level, the number of 
mature females recovered per gram root was found to be 
increased. However, a limited supply of food in a limited space, 
probably, induced detrimental effects on the normal development 
of the nematode. Our results are in accordance with the studies 
carried out by Bhat, (1999), Jonathan and Rajendran, (2000) and 
Yasmin, (2002). Our data revealed that the number of egg masses 
per plant increased with the increase in inoculum level and it 
seems quite reasonable that the lower is the inoculum level, the 
lower will be the number of mature females in the galled roots 
and consequently fewer will be the egg masses; higher is the 
inoculum level, correspondingly higher will be the number of 
mature females as well as number of egg masses. 
The number of eggs per egg mass significantly decreased at 
all inoculum levels and it seems that size of the mature female 
and the number of eggs produced by it are interrelated. The 
number of egg masses per plant and the number of eggs per egg 
mass is influenced by the nematode density in a root system. The 
limited food and space are probably disadvantageous for the 
maximum development of the nematode that consequently 
interfered in egg mass production. Insufficient supply of nutrients 
seemed to be the main reason behind the low production of egg 
masses. 
Reproduction factor (Rf) and rate of population increase 
were found decreased with the increase in initial inoculum level 
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which was highest at the lowest inoculum level and lowest at the 
highest inoculum level. 
The reductions in the multiplication rate of M, incognita, on 
banana were noticed by Adiko (1989). Jonathan and Rajendran 
(2000) attributed that decrease in multiplication rate to high initial 
inocula created crowded conditions, which adversely affected the 
rate of development of the nematode. The decrease in the rate of 
nematode multiplication was perhaps due to destruction of the 
root system with high population of the nematode and due to 
competition for nutrition among the developing nematodes 
within a given root system as was also reported by Chitwood 
(1951) for M. hapla, Samathanam and Sethi (1996) and Pathak et al. 
(2000) for M. incognita. Khan and Ashraf (2005) also reported a 
decrease in reproduction factor of M. incognita and M. javanica 
with an increase in the inoculum levels from 250 to 8,000j2. 
Ocimum sanctum roots, in response of feeding by M. 
incognita juveniles, showed pronounced anatomical changes. The 
development of elaborate permanent feeding sites, called giant 
cells, were the main among the other various changes observed. 
Our studies revealed that M. incognita induced 6-8 multinucleate 
giant cells in the vascular tissues of O. sanctum; Christie (1936) 
reported 3-6 giant cells in tomato, similarly 4-9 giant cells were 
reported in sweet potato, (Krusberg and Nielsen, 1958), 2-5, 10-12 
giant cells in Gardenia, (Davis and Jenkins, 1960), 5-9 in soybean 
(Dropkin and Nelson, 1960); 4-7 in Hibiscus (Littrell, 1966), 4-5 in 
tifdwarf, (Heald 1969); 3-5 in barley (Ediz and Dickerson, 1976); 
5-6 in Impatiens (Jones and Payne, 1978) 3-5 in banana (Kheir et 
al, 2004). 
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As observed in the transverse and longitudinal sections, the 
shape of the giant cells was circular, ovate or oblong. The giant 
cells were generally oblong because they arose from elongated 
cells which in normal development would lead to the formation of 
vessels (Christie, 1936). In contrast, our conclusion is that giant 
cells are formed from these cells that under normal conditions 
would develop into phloem elements as has been proposed by 
Byrne et al. (1977), Hisamuddin and Siddiqui (1992) and Bhat 
(1999). 
The giant cells adjacent to the nematode head were larger as 
compared to those which were away from the nematode. The giant 
cells were produced as a result of continuous stimulus received 
from the nematode (Bird, 1962). The giant cell nearest to the 
nematode head gets direct stimulus and hence is larger than that 
which is away, and receives an indirect stimulus. This indicated that 
formation of giant cells is an essential phase for a successful host 
parasite relationship. The tissue preferred for the formation of giant 
cells, was primary phloem or adjacent parenchyma (Christie, 1936; 
Krusberg and Nielsen, 1958; Byrne et al, 1977). The site where giant 
cells were produced was occupied by parenchyma ray during 
normal development of root. As a result of secondary growth, the 
protophloem was crushed and pushed towards the periphery. 
Formation of giant cells and development of the nematode, in the 
protophloem, exerted considerable pressure on the surrounding 
tissues causing abnormality in the neighbouring cells and tissue. 
Average size of the giant cell reduced at higher inoculum levels 
probably because all the parenchyma rays were occupied by the 
giant cells and the nematode at higher inoculum densities. 
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Bird and Loveys (1975) and McClure (1977) unequivocally 
asserted that Meloidogyne acts as a metabolic sink in diseased 
plants. The increased metabolic activity of giant cells stimulates 
mobilization of photosynthates from shoots to roots and 
particularly to the giant cells where they are removed and utilized 
by the feeding nematode. In our findings, the dense cytoplasm in 
giant cells at the lower inoculum levels indicated that the host 
plant had sufficiently supplied metabolites to the giant cells. 
Depletion of dense cytoplasm and much vacuolation in the giant 
cells, at higher inoculum levels, indicated that either there was an 
inadequate supply of the photosynthates or there was more 
demand by the nematodes as compared with the rate of 
production. At lower inoculum level, the higher number of nuclei 
in the giant cells induced higher metabolic activity of giant cells. 
The depletion of giant cell cytoplasm at higher inoculum levels 
governed the speedy removal of metabolites by the nematodes. 
Formation of abnormal xylem as a result of root-knot 
nematode infection has been reported in almost all the 
histopathological studies. Since several nematodes induce giant 
cells at a particular site, at higher inoculum level, therefore, it is 
supposed that each nematode produces its own affect. The results 
are evident in the form of multiple hypertrophic and hyperplastic 
reactions, and also formation of abnormal xylem at various sites. 
The combined effects of these reactions stimulated abnormal 
xylogenesis. Increase in number of phloem elements was probably 
due to formation of higher number of giant cells that was essential 
for regular supply of food to the giant cells (Hisamuddin, 1992). 
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EXPERIMENT 3 
Effect of different inoculum levels of Meloidogyne incognita on 
growth, chlorophyll and oil content of Ocimum sanctum 
INTRODUCTION 
Meloidogyne incognita infection causes a number of changes 
in the structure, composition and also metabolic activities of host 
plant. This results in alteration in amount of chlorophyll content 
and oil content of the leaves. Reduction in chlorophyll content of 
the infected plants has been reported by Vashishth et A/.,(1994); 
Poornima and Vadivelu (1998); and Rajendran (1998). Reduction 
in oil content of leaves has been reported by Pandey (1988); 
Pandey et al., (1992); Haseeb (1998) and Tiyagi et al, (2001). The 
present study was carried out to estimate chlorophyll and oil 
contents in infected plants and comparisons were made with the 
healthy ones. 
MATERIALS AND METHODS 
The seeds of Ocimum sanctum L. (green variety) were 
procured from National Seeds Corporation, New Delhi. The seeds 
were axenized by NaOCl method (Koening and Barker, 1985). 
About 200 seeds were placed in a sterilized beaker containing a 
mixture of 95% ethanol and 5.25% NaOCl in the ratio of 1:1. The 
mixture was stirred gently and the seeds were allowed to soak for 
about 10 minutes. The mixture was drained off and the seeds were 
rinsed thrice with distilled water. 
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The axenized seeds were sown in 30 cm diameter clay pots 
containing steam sterilized soil (7 clay: 3 sand: 1 farmyard 
manure). The required number of freshly hatched second-stage 
juveniles (J2) were obtained from the procedure as described in 
experiment number 2. The plants were inoculated with (0,50, 500 
and 5000 J2) with five replicates per treatment at sowing time. The 
pots were kept in glass house and were watered regularly. The 
plants were harvested after three months. After harvesting, plant 
length, fresh weight, dry weight and other parameters were 
recorded and statistically analyzed. 
Parameters 
Plant growth: 
The root and the shoot lengths of the plants were measured 
with the help of meter scale. The roots and shoots of the plants of 
each treatment, when fresh, were weighed separately and 
afterwards were placed in bamboo envelopes. These envelopes 
were kept in an incubator and left for 48 hours at SO^C. The dried 
shoots and roots were weighed again to obtain dry weights. 
Leaf Area: 
The leaf area of the plants was ascertained by the same 
method as mentioned earlier in Experiment 2. 
Estimation of chlorophyll: 
The chlorophyll content was estimated by following the 
method of Hiscox and Israelstam (1979). 100 mg of fresh plant 
material was weighed and kept in 10 ml dimethyl sulphoxide 
(DMSO). The test tubes were then kept in an incubator at 55oC for 
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an hour to facilitate the extraction of chlorophyll into the solution. 
The optical densities were taken at 645 and 663 nm wavelength on 
Spectronic-20 spectrophotometer and chlorophyll (chl-a, chl-b 
and total chlorophyll) content was calculated according to the 
following formulae given by Arnon (1949). 
Chlorophyll a (mg g-i fresh tissue) _12.7(O.D.663)-2.69(0.D.645)XV 
lOOOxW 
C h l o r o p h y l l b ( m g g l f r e sh HssT]e),22.9(O.D.645)-4.68(O.D.663)xV 
lOOOxW 
Total Chlorophyll (mg g-i fresh tissue) ^ 20.2(O.D.645) + 8.02(O.D.663)XV 
lOOOxW 
where, V = total volume of chlorophyll extracts in DMSO 
W = fresh weight of plant tissue (g) 
O.D. = optical density of samples at 645 and 663 nm 
wavelengths 
12.7, 2.69, 22.9, 4.68, 20.2 and 8.02 are the dilution factors 
Oil content: 
The oil content in fresh leaves was measured according to 
the method of Clevenger (1928). Fresh leaves (lOOg per plant) 
were chopped and were left for sometime for air dry. The 
chopped material was packed in a distillation flash and water was 
added to the packed material upto mark of flask. Heating was 
supplied by heating mantle. Before heating the distillation flask, 
water was run into the graduated receiver keeping the tap open 
until the water overflowed. Air bubbles in the tube were carefully 
removed by pressing the tube. The distillation was continued at a 
rate which kept the lower end of the condenser cool, by 
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continuous supply of tap water with the help of rubber tubings. 
After some time steam was formed in distilling flask. The mixture 
of water vapour and essential oil passed into the condenser. As 
distillation proceeded the distillate was collected in the graduated 
part of the receiver. The oil being lighter than water and insoluble 
in it, floated on the top of the receiver. At the end of 90 minutes, 
heating was discontinued, the apparatus was allowed to cool for 
10 minutes. As soon as the entire quality of oil had entered the 
graduated part of receiver the volume was read directly. The 
measured amount of oil was taken to be the content of essential 
oil in the leaves. 
RESULTS 
Root and Shoot length: 
The root and the shoot length of Ocimum sanctum decreased 
non-significantly at lower inoculum levels (Pi=5 and 50 j2/pot) in 
Ti and T2 plants, when compared with uninoculated control (C). A 
significant (p < 0.05) decrease in the root and the shoot length in 
comparison to control (C), occurred in T3 plants. In T4 plants, at 
the inoculum levels of Pi=5,000 j2/pot, the root and the shoot 
length decreased greatly and significantly (p £ 0.01), in 
comparison to control (C). The reduction in length was maximum 
in the plants grown at the highest inoculum level (P. 61, Table 4 
and H-3). 
Root and Shoot weights: 
In comparison to control (C), fresh and dry weights of the 
roots and the shoots, decreased with the increase in initial 
inoculum level. The reductions, however, were non-significant at 
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lower inoculum level (Ti). Significant (p < 0.05) reductions in T3 
and (p < 0.01) in T4 plants were observed in comparison to control. 
Highest reduction in the weight of the roots and the shoots was 
recorded in T4 plants that were grown at the initial inoculum level 
of Pi = 5,000j2 per pot (Table 4, H-3). 
Lateral Roots: 
The root system of the control plants as well as the plants 
grown at lowest inoculum level Pi=5j2 (Ti) comprised of normal 
roots having primary, secondary and tertiary branches. There was 
no sign of thin and fibrous lateral root formation from the normal 
primary or secondary roots. Small, thin fibrous roots emerged 
laterally from the galled portions of infected roots. At lower 
inoculum levels, the number of fibrous roots was low but at 
higher inoculum level, the number was quite high. The number of 
these lateral roots was maximum at the highest inoculum level 
(Pi=5,000j2) in T4 plants followed by T3 and T2 plants. 
Leaf Area: 
The leaf area of the plants, in comparison to control, 
decreased non-significantly at the lower (Pi=5 and 5OJ2) and 
significantly at higher (Pi=500 and 5,000j2) inoculum levels (Table 
4, H-4). 
Chlorophyll content: 
The amount of chlorophyll a,b and total chlorophyll content 
in the leaves of O. sanctum decreased non-significantly at the 
initial inoculum level of Pi=5 and 5OJ2 (Ti and T2, respectively). In 
comparison to control (C), there was significant (p < 0.005) 
reduction in the chlorophyll content of leaves in T3 and (p < 0.01) 
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T4 plants, when comparisons were made with the control (C). The 
reduction in chlorophyll content was highest at the highest 
inoculum level of Pi=5,000j2 per pot (Table 4, H-4). 
Oil Content: 
Total oil contents in the leaves of O, sanctum exhibited 
reduction at all the initial inoculum levels, when compared with 
the oil content of uninoculated control plants (Table 4 and H-4). 
The reduction was non-significant in Ti plants at the initial 
inoculum level of Pi= 5 and 5OJ2, respectively. Significant 
reductions (p < 0.05) in leaf oil content of T3 and T4 (p < 0.01) were 
observed. The reduction in oil content was maximum in T4 plants 
grown at Pi = 5,000j2 per pot (Table 4). 
DISCUSSION 
The experiment, carried out to investigate the pathogenicity 
of root-knot nematode on Ocimum sanctum, indicated that the 
plants were quite susceptible towards Meloidogyne incognita. The 
growth of the plants responded negatively towards the lower as 
well as higher inoculum levels of the nematode. The effects, in 
terms of plant growth, chlorophyll content and oil content of the 
leaves were pronounced and significant when the inoculum level 
was 5OOJ2 per plant or higher. Reduction in the considered 
parameters indicated susceptibility of the plant towards the root-
knot nematode. From the data (Table 4) it was revealed that there 
was an inverse relationship between the juvenile population and 
plant length, or fresh and dry weights of plants, or chlorophyll 
and oil content of the leaves. The threshold level of the population 
of the juveniles of Meloidogyne incognita that caused significant 
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reduction in growth and other parameters was Pi=500j2 as is 
obvious from Table 4. This could be attributed to either 
immobilization or slow mobilization of nutrients from galled roots 
to above ground plant parts resulting in retardation in plant 
growth. The nematode manipulates the root tissue in such a way 
that the minerals and plant metabolites are diverted towards the 
affected tissue. It causes scarcity of nutrients in growing regions. 
Drastic changes in the internal structure of root, caused by the 
root-knot nematode, might not be able to provide nutritional and 
other requirements in sufficient amount for the plant growth. Our 
results regarding the reduction in plant growth, as a result of M. 
incognita infection, are in conformity with the observations made 
by Barker and Olthof (1976); Nordacci and Barker (1979); Kinloch 
(1980,1982; Rodriguez Kabana and Williams (1981); Appel and 
Lewis (1984); Ibrahim and Lewis (1985); Verma and Ali (1993); 
Gupta et al., (1995); Fazal et ai, (1996); Ramakrishnan et al, (1998); 
Sharma et al., (1999); Singh and Goswami (2000); Tiyagi et al., 
(2001); Nehra and Trivedi (2002); Khan (2003); Youssef (2004); 
Kumar and Pathak (2004); and Khan and Ashraf (2005) on various 
plants. The number of lateral fibrous roots increased with 
increased in initial inoculum level of nematode. As the xylem and 
the phloem are the most affected tissues in the galled roots, 
abnormalities in vascular tissue resulted in irregular transport of 
water and minerals towards the photosynthetic tissues. 
Inadequate supply of water and minerals towards leaves caused 
lowering down in the rate of photosynthesis. Abnormalities in 
phloem, as a result of root-knot infection, impaired the 
translocation of photosynthates towards normally growing roots. 
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Unavailability of food material appeared to be responsible for the 
reduction of root length and production of abnormally large 
number of lateral branches. All anatomical malformations and 
physiological malfunctions contributed in suppressing the plant 
growth and yield (Hussey, 1985). Formation of lateral hairy roots 
in paddy plants as a result of M. incognita infection has been 
reported by Kamalwanshi et al., 2002. 
It is thought that the root-knot nematode infection caused 
abnormalities in the phloem tissues of affected roots which 
prevented the translocation of nutrients to the growing regions of 
the roots, and on the other hand abnormalities in xylem caused 
hindrance in ascent of sap. These abnormalities resulted in 
reduction of leaf size. Reduction in leaf area of plants as a result 
of M. incognita infection has been reported by several workers like 
Ramakrishnan and Rajendran (1998) and Jonathan and Rajendran 
(2000). The reduction in chlorophyll, in the leaves of root-knot 
nematode infected plants might be due to unavailability of micro-
or-macronutrients. Availability of nutrients, in small amount 
might be responsible in the reduction of leaf chlorophyll in tomato 
due to M. incognita (Loveys and Bird, 1973). Reduction in 
chlorophyll content was attributed to reduced uptake of water 
and minerals; poor translocation; and accumulation of the 
nutrients in the nematode infested galled roots. Reduction in 
chlorophyll content of leaves as a result of M. incognita infection 
has been reported earlier by Vashishth et al., 1994; Poormina and 
Vadivelu, 1998; Ramakrishnan and Rajendran, 1998 and Yasmeen, 
2002. 
100 
Reduction in oil content of leaves, might be ascribed to 
reduced photosynthetic rate due to nematode infection. Being 
sedentary endoparasite, this nematode influences translocation of 
nutrient by modifying structure and function of the conducting 
tissues. Availability of photosynthates in abnormally low 
concentration seem to be responsible in reducing oil content of 
leaves. Similar observations have been reported on various plants 
(Pandey, 1988; Pandey et al, 1992 on Mint; Haseeb, 1996 on O. 
cannum; Shukla and Haseeb, 1998 on Mentha citrata; Tiyagi et al, 
2001 on rose). 
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Section-Ill 
EXPERIMENT 4 
Effect of fly ash amended soil on the plant growth, yield, 
chlorophyll pigment and oil content of Ocimum sanctum: 
INTRODUCTION 
The fly ash emitted from coal based thermal power plants 
spreads in the surrounding areas and alters the soil quality 
affecting its physical and chemical characteristics. The amended 
soil produces beneficial as well as harmful effect on the vegetation 
depending upon the extent of deposition. Several workers like 
Adriano et al., (1980); Mishra and Shukla (1986); Pasha (1990) and 
Khan and Khan (1996) revealed reduction in growth and yield of 
several plants as a result of fly ash addition. The workers like 
Scanlon and Duggan (1979); Moliner and Street (1982); Mishra and 
Shukla (1986) and Wong and Su (1997) reported the growth 
promising effects of fly ash on various plants. In the present 
experiment, Kasimpur Thermal Power Plant, situated 16 km North 
of Aligarh, was selected as the source of fly ash for soil 
amendment. The aims of the study were to confirm the findings 
reported by other workers; to know the effects of fly ash on 
medicinal plant, Ocimum sanctum; to find out the effects of fly ash 
amended soil on plants by the addition of same amount of fly ash 
in soil used previously, for three years; to compare the results of 
the first year experiment with that of second year results; to 
compare the results of the third year experiment with the first and 
the second year experiments, and to draw conclusion after 
comparing the results. 
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MATERIALS AND METHODS 
Analysis of Fly Ash: 
The physical and chemical properties of the fly ash obtained 
from Kasimpur Thermal Power Plant were analysed by different 
methods. The texture of fly ash in relation to particle size was 
determined by hydrometer method (Allen et al, 1974). The 
electrical conductivity of the fly ash was measured by 
conductivity meter (Elico., Co Ltd, Hyderabad, India). The pH 
was measured with the help of pH meter after obtaining an 
extract from fly ash and water suspension in the ratio of 1:1 
(w/v) . Total organic carbon, total nitrogen, and total phosphorus 
were analysed by Degtjareff method (Walkey and Black, 1934;) 
Microkjeldahl method (Nelson and Sommers, 1972), and 
Molybdenum blue method (Allen et al., 1974), respectively. The 
total metal elements were determine by mixed acid digestion 
using cone. HNO3 and cone. H2SO4 and HCIO4 followed by atomic 
absorption sepctrophotometry (Allen et al., 1974). 
Soil amendment with fly ash and preparation of pots: 
Sterilized sandy loam soil (7 clay: 3 sand: 1 farmyard 
manure) was amended by adding fly ash in different proportions 
v / v i.e., 10%, 20%, 30%, 40% and 50% filled in pots of 30 cm 
diameter in order to carry out experiments in the first year. The 
soil not amended with fly ash served as control. The texture of 
control, fly ash and amended soil in first year was same as given 
by Black (1968), (Table 5 and Fig. I). In the second and the third 
year, the soil of the previous year was used and fly ash was 
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further added into the same samples in the same proportion as 
described below: 
I Year 
C (Control) 100% Soil+0% fly ash 
Ti 90% Soil +10% fly ash 
T2 80% Soil + 20% fly ash 
Ts 70% Soil + 30% fly ash 
T4 60% Soil + 40% fly ash 
Ts 50% Soil + 50% fly ash 
II Year 
C 100% Soil+ 0% fly ash 
Ti 90 % soil of previous year: 1 manure + 10% fly ash 
T2 80 % soil of previous year: 1 manure + 20% fly ash 
T3 70 % soil of previous year: 1 manure + 30% fly ash 
T4 60 % soil of previous year: 1 manure + 40% fly ash 
T5 50 % soil of previous year: 1 manure + 50% fly ash 
III Year 
C 100% Soil+ 0% fly ash 
Ti 90 % soil of II year: 1 manure + 10% fly ash 
T2 80 % soil of II year: 1 manure + 20% fly ash 
T3 70 % soil of II year: 1 manure + 30% fly ash 
T4 60 % soil of II year: 1 manure + 40% fly ash 
Ts 50 % soil of II year: 1 manure + 50% fly ash 
104 
< ^ ^ 
>• 
Plant Culture and Treatments: 
Healthy seeds of Ocimum sanctum obtained from N.S.C. 
(New Delhi), were first axenized in a beaker filled with 1:1 
mixture of 95% ethanol and 5.25% NaOCl. The mixture was stirred 
gently and the seeds were allowed to soak for about 5-10 minutes. 
The mixture was drained off and the seeds were rinsed with 
sterilized distilled water. 
Germination of Seeds: 
The axenized seeds were sown in pots prepared for first 
year. The pots were watered regularly and the crop was harvested 
after three months for morphometrical studies. Same process was 
repeated with the experiments performed during the second and 
the third year watering was done from time to time and the crop 
was harvested after three months for morphometrical studies. 
Plant Growth: 
Root, shoot and internodal lengths of plants were measured 
with the help of meter scale. The number of branches was counted 
by visual observation. After taking fresh weights, the roots and 
the shoots were kept in bamboo envelopes separately and placed 
in an incubator for 48h at SQoC and weighed to obtain their dry 
weights. 
Leaf Area: 
Leaf area was ascertained by the method as described in the 
Experiment 2. 
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Yield: 
The weight of randomly selected 100 seeds, from each 
treatment, was regarded as yield. 
Estimation of Chlorophyll: 
The chlorophyll content of the leaves was assessed 
according to the method described earlier in experiment number 
3. 
Oil Content: 
Oil content of fresh leaves was estimated according to the 
method of Clevenger (1928) mentioned in Experiment 3. 
RESULTS 
Fly ash Analysis: 
The fly ash emanated from Kasimpur Thermal Power Plant 
was alkaline in nature with electrical conductivity 9.84mmhos cm-
^ Textural analysis indicated that the amount of silt size particles 
in the fly ash was greatest, followed by sand and clay size 
particles. The organic carbon and nitrogen of the fly ash were 
0.7% and 0.05%, respectively. Several elements like Pb, Ni, Mn, 
Co, B, Cu, K, Cr, Cd, Zn and Fe were also present in the fly ash. 
The concentrations of K, Mn and B were higher than other 
metallic elements (Table 6). 
Root and Shoot Length 
I Year: 
The root and the shoot length of Ocimum sanctum showed 
variable growth responses towards the soil containing varying 
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levels of fly ash. In comparison to control (C) plants, grown in 
unamended soil, an enhancement in the length of the root and the 
shoot was observed in Ti, T2, T3 and T4 plants that were grown in 
soil amended with 10%, 20%, 30% and 40% fly ash, respectively. A 
non-significant increase in the root and the shoot length was 
observed at 10% and 20% fly ash levels (Ti and T2). There was a 
significant (p £ 0.05) increase in the root and shoot length at 30% 
fly ash level (T3). In T5 plants (at 50% fly ash level), the reduction 
in length was significant (p < 0.01) when compared with the 
control (C). Increase in the length of the root and the shoot was 
highest (25% and 16%, respectively) at 30% fly ash level, and 
lowest (6.5% and 4.23%, respectively) at 10% fly ash level (Ti) 
(Table 7A, P. 62, H-5 and H-6). 
II Year: 
A non-significant increase in the root and the shoot length 
of the plants grown at 10% and 20% fly ash levels (Ti and T2, 
respectively) was observed in comparison to control (C). The root 
and the shoot length increased significantly (p < 0.05) at 30% fly 
ash level. In T3 plants, the increase in the length of the root and 
the shoot was highest (21.67% and 14.42%, respectively). Increase 
was lowest in Ti plants being 3.6% and 4% in the root and the 
shoot, respectively. In T4 plants, non-significant and in T5 plants, 
significant (p<0.01) reductions were, however, noticed (Table 7A, 
P. 63, H-5 and H-6). 
III Year: 
In comparison to control, reduction in the length of the root 
and the shoot was recorded in all the treatments from Ti' to T5 
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plants. The reductions were non-significant in Ti, T2 and T3 plants. 
The reductions in the length of the root and the shoot were lowest 
(6.72% and 2.93%, respectively) in Ti plants. Highest and 
significant (p<0.01) reductions (29.70 and 21.70% in the root and 
the shoot, respectively) were observed in T5 plants followed by T4 
plants, in which reductions were significant at p<0.05 (Table 7A, 
P. 64, H-5 and H-6). 
Root and Shoot weights: 
I year: 
The fresh weight and the dry weight of the roots and the 
shoots, in comparison to control, increased in Ti, T2, T3 and T4 
plants and decreased in T5 plants. The weights of the roots and the 
shoots increased non-significantly at 10% and 20% fly ash levels. 
A significant (p < 0.05) increase at 30% fly ash level (T3), was 
observed in the weights of the roots and the shoots. There was an 
increase in the weight at 40% fly ash level (T4), but the increase 
was lesser than T3 plants and also non-significant, when compared 
with control (C). A significant (p < 0.01) reduction in the root and 
the shoot weight was observed at 50% fly ash level (T5). Increase 
in the weight of the root and the shoot was highest in T3 plants 
(17.07% in fresh and 30% in dry weight) and lowest in Ti plants 
(3.25% in fresh and 5.28% in dry weight, respectively) (Table 7A, 
7B, H-7, H-8, H-9 and H-10). 
II Year: 
In the second year, fresh weight and the dry weight of the 
root and the shoot increased in Ti, T2 and T3 plants and decreased 
in T4 and T5 plants, when compared with control. The root and the 
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shoot weight (fresh as well as dry) increased slightly but non-
significantly at 10% and 20% fly ash levels (Ti and T2, 
respectively) in comparison to control (C). A significant (p £ 0.05) 
increase in the root and shoot weight was observed in T3 plants 
grown at 30% fly ash level, in comparison to control. There was a 
non-significant reduction in the root and the shoot weight at 40% 
fly ash level (T4). At 50% fly ash level (T5), the weight was 
significantly (p<0.01) reduced. Highest increase in weight was 
noticed in T3 plants (12.23%) in fresh and (26.28%) in dry weights, 
and lowest increase in Ti plants (2%. in fresh and 3.73% in dry 
weights, respectively) (Table 7A, 7B, H-7, H-8, H-9 and H-10). 
Ill Year: 
In comparison to control, reductions in the weights were 
encountered in all the treatments. A non-significant reduction in 
the root and the shoot weight was observed at 10%), 20%. and 30% 
fly ash levels (Ti, T2 and T3), in comparison to control. The 
reductions were significant (p < 0.05) in T4, and (p<0.01) in T5 
plants. Highest reduction was observed in T5 plants (21.42%) in 
fresh and 42% in dry weight) and lowest in Ti plants (1.62%) in 
fresh and 3.85% in dry weight) (Table 7A, 7B, H-7, H-8, H-9 and 
H-10). 
Internodal Length: 
I Year: 
The length of the internode increased non-significantly in Ti 
and T2 plants (at 10%) and 20%) fly ash levels, respectively) when 
compared with control (C). A significant (p<0.05) increase in the 
internodal length at 30% fly ash level (T3), whereas a non-
109 
significant increase at 40% fly ash level was observed, in 
comparison to control. There was a significant (p<0.01) reduction 
at 50% fly ash level (T5). Increase in the length of the internodes 
was highest 31.06% at 30% fly ash level (T3), and lowest (2.02%) at 
10% fly ash level (Ti) (Table 7B and H-11). 
II Year: 
When comparing with control, a non-significant increase in 
the internodal length was observed in Ti and T2 plants grown in 
soil containing 10% fly ash. A significant (p<0.05) increase 
occurred at 30% fly ash level (T3), in comparison to control (C). A 
non-significant decrease at 40% fly ash level (T4), and a significant 
(p<0.01) decrease at 50% fly ash level (T5) was noticed. Increase 
was highest at 30% fly ash level (29.38%) and lowest (1.28%) at 
10% fly ash level (Ti) (Table 7B and H-11). 
III Year: 
On comparing with control, a non-significant decrease in 
the internodal length of the plants at 10%, 20% and 30% fly ash 
levels (Ti,T2 and T3, respectively) was found. A significant 
(p<0.05) reduction occurred at 40% fly ash level (T4), and (p<0.01) 
at 50% fly ash level (T5), when the comparisons were made with 
the control (C). Highest reduction (37.69%) was observed in T5 
plants, followed by T4 plants (25.89%). The reduction was lowest 
(3.84%) in Ti plants (Table 7B and H-11). 
Number of Shoot Branches Per Plant: 
I Year: 
The number of branches per plant increased non-
significantly at 10% and 20% fly ash levels (Ti and T2, 
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respectively), when compared with control (C). A significant (p £ 
0.05) increase in the number of branches per plant was observed 
at 30% fly ash level (T3), in comparison to control. A non-
significant increase, in comparison to control (C), was noticed at 
40% fly ash level (T4), whereas a significant (p < 0.01) reduction at 
50% fly ash level (T5) was observed, in comparison to control (C). 
Increase in the number of branches was highest (24.50%) at 30% 
fly ash level {T3 plants) and lowest (3.92%) at 10% fly ash level 
(Ti) (Table 7C and H-12). 
II Year: 
When compared with control (C), the number of branches 
per plant increased non-significantly at 10% and 20% fly ash 
levels (Ti and T2). A significant (p<0.05) increase in the number of 
branches per plant was observed at 30% fly ash level (T3). The 
number of branches decreased non-significantly at 40% fly ash 
level (T4) and significantly (p<0.01) at 50% fly ash level (T5). 
Highest increase (22.77%) in the number of branches was observed 
at 30% fly ash level (T3) and lowest (3%) at 10% fly ash level (Ti) 
(Table 7C and H-12). 
III Year: 
The number of branches decreased non-significantly at 10%, 
20% and 30% fly ash levels (Ti, T2 and T3, respectively), when 
compared with control (C). At 40% fly ash level (T4), a significant 
(p<0.05) reduction was noticed. The reduction in the number of 
branches per plant was significant (p<0.01) and highest (34.90%) 
at 50% fly ash level, followed by T4 (20.75%). Lowest reduction 
(3.77% was observed in Ti plants) (Table 7C and H-12). 
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Leaf Area: 
I Year: 
Increase in leaf area was encountered from Ti to T4 plants, 
when compared with control plants. Increase in leaf area was non-
significant at 10% and 20% fly ash levels (Ti and T2, respectively). 
The leaf area increased significantly (p<0.05) at 30% fly ash level 
(T3), in comparison to control (C). At 40% fly ash level (T4), the 
leaf size became smaller than T3 plants but still there was a non-
significant increase, in comparison to control (C). A significant 
(p<0.01) reduction (29.35%) in the leaf area was observed at 50% 
fly ash level (T5), in comparison to control (C). Increase in leaf 
area was highest (16.72%) in T3 plants and lowest (1.53%) in Ti 
plants (Table 7C and H-13). 
II Year: 
The leaf area was found to be increased from Ti to T3 and 
decreased from T4 to T5. A non-significant increase in the leaf area 
in comparison to control (C) was observed at 10% and 20% fly ash 
levels (Ti and T2, respectively). The leaf area increased 
significantly (p<0.05) at 30% fly ash level (16.86%). The leaf area 
decreased (5.73%), though non-significantly, at 40% fly ash level 
(T4). There was a significant (p<0.01) reduction (30.08%) in the leaf 
area at 50% fly ash level (T5), when compared with control (C) 
(Table 7C and H-13). 
III year: 
In all the treatments from Ti to T5, the leaf area decreased, 
when compared with control (C). The leaf area non-significantly 
decreased at 10%, 20% and 30% fly ash levels (Ti,T2 and T3, 
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respectively). At 40% fly ash level (T4), there was a significant 
(p<0.05) reduction in the leaf area, in comparison to control. 
Highest reduction (30.91%) was observed at 50% fly ash level (T5). 
Lowest reduction (3.28%) was observed at 10% fly ash level (Ti) 
(Table 7C and H-13). 
Yield 
I Year: 
The yield, in terms of weight of 100 seeds per plant, 
increased in the treatments from Ti to T4, when compared with 
control (C). It increased non-significantly at 10% and 20% fly ash 
levels (Ti and T2, respectively). Highest and significant (p<0.05) 
increase (21.87%) was noticed at 30% fly ash level (T3), in 
comparison to control (C). At 40% fly ash level (T4), there was a 
non-significant increase, but a significant decrease at 50% fly ash 
level (T5) was noticed. Lowest increase (6.25%) was observed at 
10% fly ash level (Ti) (Table 7C and H-14). 
II Year: 
There was an increase in yield from Ti to T3 plants, when 
compared with control (C) but there was reduction afterwards. In 
comparison to control (C), a non-significant increase in the weight of 
seeds, was observed in the plants grown at 10% and 20% fly ash 
levels (Ti and T2). At 30% fly ash level (T3), however, significant 
(p<0.05) increase (19.35%) was observed. A non-significant decrease 
in the yield was observed at 40% fly ash level (T4), but at 50% fly ash 
level (T5), the reduction was high (29.03%) and significant (p<0.01), 
in comparison to control(C) (Table 7C and H-14). 
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Ill Year: 
A gradual decrease in yield occurred from Ti to T5 plants, 
when compared with control (C). There was a non-significant 
decrease in the weight of seeds at 10%, 20% and 30% fly ash levels 
(Ti, T2 and T3, respectively), in comparison to control (C). A 
significant (p<0.05) reduction occurred at 40% fly ash level (T4), 
but at 50% fly ash level, the reduction was quite high (30.23%) and 
significant (p<0.01), in comparison to control (C). Lowest 
reduction (2.94%) was observed at 10% fly ash level (Ti) (Table 7C 
and H-14). 
Chlorophyll Content: 
I Year: 
The amount of chlorophyll a,b and total chlorophyll of the 
plants increased initially from Ti to T4 plants but decreased in T5 
plants. The increase was non-significant at 10% and 20% fly ash 
levels (Ti and T2, respectively), when compared with control (C). 
At 30% fly ash level (T3), a significant (p<0.05) increase was 
noticed. A non-significant increase in the chlorophyll content was 
observed, in comparison to control, at 40% fly ash level (T4). At 
50% fly ash level (T5), significantly (p<0.01) high reductions 
(7.60% in chl a, 7.75% in chl b and 3.77% in total chlorophyll 
content) occurred, in comparison to control (C). Increase in 
chlorophyll content was highest in T3 plants (5.70% in chl a, 5.51% 
in chl b and 2.70% in total chlorophyll) and lowest in Ti plants 
(0.43% in chl a, 0.81% in chl b and 0.56% in total chlorophyll) 
(Table 7D, H-15, H-16 and H-17). 
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II Year: 
In comparison to control (C), increase in chlorophyll content 
was recorded from Ti to T3 plants, but in T4 and T5 plants 
reductions were observed. There was a non-significant increase in 
the chlorophyll content of the leaves of the plants grown in 10% 
and 20% fly ash amended soils (Ti and T2, respectively). A 
significant (p<0.05) increase (5.42% in chl a, 3.66% in chl b and 
2.41 % in total chlorophyll) occurred, in comparison to control, at 
30% fly ash level (T3). At 40% fly ash level (T4), a non-significant 
decrease was observed. The reduction in chlorophyll content was 
significantly (p<0.01) high (7.62% in chl a, 8.35% in chl b and 
4.19% in total chlorophyll) at 50% fly ash level (T5) (Table 7D, H-
15, H-16andH-17) . 
III Year: 
In all the treatments starting from Ti to T5, chlorophyll 
content of the leaves was found to be decreased, when compared 
with control (C). There was a non-significant decrease in the 
chlorophyll content of the leaves at 10%, 20% and 30% fly ash 
levels (Ti, T2 and T3, respectively). A significant (p<0.05) 
reduction in the chlorophyll content of the leaves occurred at 40% 
fly ash level (T4), when compared with control (C). At 50% fly ash 
level (T5), the reduction was significant (p<0.01) and highest 
(8.33% in chl a, 9.73% chl b and 4.41% in total chlorophyll), in 
comparison to control (Table 7D, H-15, H-16 and H-17). 
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Oil Content: 
I year: 
In comparison to control (C), the oil content of the leaves 
increased non-significantly at 10% and 20% fly ash levels (Ti and 
T2, respectively). The increase in the oil content was significant 
(p<0.05) at 30% fly ash level (T3). At 40% fly ash level (T4), a non-
significant increase was observed. There was significant (p<0.01) 
reduction in oil content at 50% fly ash level (T5), when comparison 
was made with control (C). Increase in oil content was highest 
(13.23% at 30% fly ash level (T3) and lowest (2.20%) at 10% fly ash 
level (Ti) (Table 7D and H-18). 
II Year: 
A non-significant increase was observed in oil content of 
leaves at 10% and 20% fly ash levels (Ti and T2, respectively), 
when compared with control (C). A significant (p<0.05) increase 
(12.40%) in the oil content was observed at 30% fly ash level (T3), 
in comparison to control (C). At 40% fly ash level (T4), a non-
significant decrease in the oil content, in comparison to control 
(C), was noticed. A significant (p£0.01) and highest decrease in 
the oil content, in comparison to control (C), was noticed at 50% 
fly ash level (T5) (Table 7D and H-18). 
III Year: 
The oil contents of the leaves significantly reduced at 10%, 
20% and 30% fly ash levels (Ti, T2 and T3, respectively), when 
compared with control (C). At 40% fly ash level (T4), there was a 
significant {p< 0.05) reduction in oil content, when compared with 
control (C). A significant (p<0.01) and highest reduction (20.28%), 
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in comparison to control (C), was noticed at 50% fly ash level, 
followed by T4 (13.04%). The reduction was lowest (1.44%) at 10% 
fly ash level (Ti) (Table 7D and H-18). 
DISCUSSION 
This experiment was performed to study the effects of fly 
ash amended soil on some growth and biochemical characteristics 
of Ocimum sanctum. The plants responded differently to different 
concentrations of fly ash, as is evident from the data. The 
responses of the plants towards fly ash amended soil were non-
uniform, when the experiments were repeated for three years 
consecutively under different but specific soil conditions. In the 
first year, it was found that the plant length increased 5% in Ti, 
10.2% in T2 and 18.92% in T3 plants over the control. The length 
had an increase of 11.20% in T4, but it was lower than T3 plants. In 
T5 plants the decrease in length, over control, was 20.87%. 
An uphill trend of increase from Ti to T3 and then downhill 
trend was also encountered in fresh weight, dry weighty seed 
yield, amount of chlorophyll a,b and total chlorophyll, and oil 
content. From these findings it might be speculated that addition 
of fly ash into the soil altered the characteristics of soil that 
favoured the plant growth. Highest increase in the above 
parameters in T3 plants, at 30% fly ash content, indicated that 
lower or higher concentration of fly ash than 30% level was not as 
much favourable as was at 30% fly ash level. These findings 
turned out to be in general agreement with the records of 
previous studies carried out by Mishra and Shukla (1986) on 
maize and soybean; Khan and Khan (1989) on tomato; Pasha et al., 
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(1990) on cucumber, Singh (1994) on soybean; Pandey et al, (1994) 
on sunflower; Singh et al, (1994) in Beta vulgaris; Srivastava et al, 
(1995) on Lactuca sativa; Khandkar et al, (1996) on rice, soybean 
and blackgram; Krejsl and Scanlon., (1996) on bean; Kalra et al, 
(1998) on wheat, chickpea, mustard and lentil; Tripathy and 
Tripathi (1998) on Albizzia procera and Acacia nilotica; Bharti et al, 
(2000) on green gram; Yasmeen (2002) on Lagenaria leucantha; 
Parveen et al, (2003) on Ocimum sanctum; Pathan et al, (2003) 
Srivastava et al., (2003) on Trigonella foenum-graecum L.); on 
Cynodon dactylon (L.) Pers, Cv Winter green; and Singh et al, 
(2005) on Pisum sativum. 
A gradual enrichment of soil with 10% to 30% fly ash, 
exhibited progressive improvement in the growth, yield and other 
characteristics. The increasing tendency in the parameters might 
be attributed, firstly, to the altered physical characteristics like 
porosity, water holding capacity, pH; and secondly, to the altered 
chemical characteristics like availability of micronutrients. 
Hammermeister et al., (1998) put forward the idea that since fly 
ash being a potential source of trace elements it might be used to 
reclaim mine soil. They found that amendment with fly ash 
increased concentration of B, Mo, Ca, Cr, K, Mg, P, Se and Sr, in 
addition to improvement in growth of alfalfa, barley and brome-
grass. In centipede grass, fly ash amended soil increased the 
concentration of B, Mo, As, B and Se and decreased the 
concentration of Mg, Mn and Zn (Adriano et al, 2002). Increase in 
growth of turf grass was attributed to an increase in water 
holding capacity of the soil due to addition of fly ash (Pathan et 
al, (2003). Siddiqui et al., (2004) observed increased porosity, pH, 
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electrical conductivity, cation exchange capacity and 
concentration of SO4, PO4, Ca, K, P, carbonate and bicarbonate 
ions that resulted in increased uptake of Fe, Pb, Mn and Zn in 
sunflower. In our experiment, addition of fly ash increased 
porosity, pH, electrical conductivity and cation exchange capacity 
that helped the plant to grow more better than normal soil. Fly 
ash addition also enriched the soil with the micro- and macro-
elements which were also utilized by the plants. Thus, a change in 
physical and chemical characteristics of soil by the addition of fly 
ash proved beneficial to the plants of Ocimum sanctum. Increase in 
growth and yield of plants grown in fly ash amended soil has 
been reported earlier by Martens and Beahm (1976). Plank and 
Martens (1973) and Martens and Beahm (1976) were of the view 
that fly ash enriched the soil with macro- and micronutrients that 
enhanced the growth in nutrient deficient soils. Druzina et ah, 
(1983) advocated the presence of phytoutilizable nutrients in fly 
ash. Pasha (1990) found some utilizable nutrients like zinc, 
potassium, boron, manganese etc. in the fly ash. Various 
investigations have revealed that occurrence of essential mineral 
elements in the fly ash have improved the plant growth, yield and 
leaf pigments of pulse and vegetable crops (Chakravorty et al., 
(1997); Khan et al, (1997) and Rodgers and Andersen, 1995). 
At highest fly ash level (50%), in T5 plants, reduction in 
plant growth and other parameters was recorded. The downhill 
trend in growth and other parameters in T4 and T5 plants might 
be assigned again to the same altered physicochemical 
characteristics of the soil. At a concentration higher than 30%, the 
soil characteristics proved disadvantageous to the plants. Either 
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the physical characteristics like porosity and pH exerted adverse 
effects, or the higher coricerrtration of mineral elements or any 
other chemical constituent of fly ash proved toxic to O. sanctum. 
Excessive uptake of essential or non-essential elements and their 
subsequent accumulation in the plant might be one of the 
important reason in the growth and yield reduction of O. sanctum 
plants. The existence of metallic elements like Ni, Ar, Cd, Cr, Pb, 
Se, Zn, Cu etc. was reported by Wong and Wong (1986) which 
resulted in poor growth and yield of the plant when they were 
supplied with higher levels of fly ash. Adverse effects of higher 
concentration of fly ash on plant growth and yield of several crops 
were reported by different workers (Mishra and Shukla, 1986; 
Singh, 1989; Pasha et al, 1990; Singh, 1993; Singh et al, 1994; Khan 
and Khan, 1996; Kalra et al, 1998; Yasmeen, 2002; Parveen et al., 
2003; Srivastava et al, 2003; Singh et al, 2005 and Parveen et al, 
2006). 
At higher fly ash (40 and 50%) levels, the composition of soil 
was changed to a greater extent. Porosity of the soil was 
decreased which resulted in increased water holding capacity. 
Higher pH, higher concentration of mineral elements, decreased 
porosity and increased water holding capacity probably became 
unfavorable for plant growth and development that resulted in 
reduction in plant growth and other parameters. Enhancement 
in the amount of chlorophyll and the oil contents, at lower fly ash 
levels (10-30%, v /v ) , might be due to the higher rate of synthesis 
of proteins and enzymes, enlargement in leaf area, increase in 
photosynthetic products and overall improvement in plant 
growth. A similar conclusion was drawn by Mishra and Shukla 
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(1986) on maize and soybean; Pasha et al, (1990) on cucumber; 
Singh (1993) on soybean; and Yasmeen (2002) on Lagenaria 
leucantha. 
The data of the second year experiments revealed that the 
results of lower fly ash levels were not as promising as that of 
the first year. The growth, yield, oil contents and chlorophyll 
pigments although increased in Ti, T2 and T3 plants but the 
increase in all these treatments was lower than the previous year. 
In T4 plants there was a non-significant increase in the above 
parameters in the first year, but in the second year a non-
significant reduction was observed. In T5 plants the reduction, 
over the control, was significant. From overall results of the 
second year experiments, it might be deduced that further 
addition of fly ash into the soil an already amended with fly ash 
was not beneficial for the plant. This disadvantageous trend might 
be attributed to change in texture, pH or accumulation of non-
essential heavy metal elements that became unfavorable for plant 
growth. Earlier workers like Plank and Martens (1973); 
Schnappinger et al., (1975); Khan (1989); Singh (1993); Tripathy 
and Sahu (1997); Kalra et al, (1998); Bharti et al. (2000) and 
Yasmeen (2002) have emphasized the beneficial effects of low 
levels of fly ash, but, none of these or other workers so far have 
suggested that how long the fly ash amended soil would be 
beneficial for the plant; or how many crops can be obtained from 
the soil once amended with fly ash, or how many times soil may 
be amended with fly ash. 
From the data of the third year experiments, it was revealed 
that addition of fly ash, in already fly ash amended soil, produced 
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deleterious effects on Ocimum sanctum. The reduction in plant 
growth, seed yield, amount of chlorophyll and amount of 
essential oil was observed in all the treatments from Ti to T5. On 
annual basis the reductions in these parameters were lower and 
non-significant in Ti, T2 and T3 plants than in T4 and T5 plants. In 
comparison to the first year and the second year results, the 
parameters of growth, yield etc., showed higher reduction. From 
these findings it became apparent that soil might not be amended 
with fly ash indiscriminately but a judicious application is more 
desirable. 
All the studies, pertaining to the beneficial effects of low 
levels of fly ash, carried out by several workers like Neeta et ah, 
(1997) on Hardwickia binata; Kuchnawar and Matte (1997); on 
groundnut; and Malewar et al., (1998) on neem, custard apple and 
jamun were concentrated only on the one year findings, our 
findings are not in accordance to their work. Reductions in all the 
growth parameters during third year experiment, might again be 
attributed to (i) change in texture of soil (ii) increase in pH of soil 
(iii) reduction in porosity of soil (iv) presence of heavy metals ((v) 
presence of toxic substances in fly ash amended soil. The binding 
capacity of fly ash particles was lower than soil because of 
absence of charges on them. The fly ash particles probably did not 
bind tightly to the roots of the plant that might have been one of 
the reason of poor growth of plants in the third year. Reduction in 
the amount of chlorophyll and oil content might be due to the 
toxic effects of metallic ions of heavy metals that interfered 
photosynthetic process and in the formation of oil content. The 
comparison of the results of the third year experiment with the 
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second and the first year experiment further strengthened our 
view that fly ash addition into the soil did not favour the plant 
growth when the ash was added for three consecutive years. 
After performing the experiments for three consecutive 
years, increasing and decreasing patterns of growth were 
analysed critically and it was found that all the growth and other 
parameters exhibited reduction in the second and the third years. 
Thus it might be concluded that addition of fly ash repeatedly 
into the same soil is not the remedy for increasing the fertility of 
the soil. 
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EXPERIMENT 5 
Effect of fly ash amended soil on the development of the root-
knot nematode {Meloidogyne incognita) and growth of Tulsi 
{Ocintum sanctum). 
I N T R O D U C T I O N 
Fly ash is a fairly stable particulate pollutant that alters the 
quality of the soil and reduces the soil microbial activity. The 
influence of fly ash addition to the soil, its effect on activity of 
Meloidogyne incognita and the associated effects on plant growth 
has been reported by some workers. It has been found that 
nematode infestation and crop damage are much greater in 
unamended soils than in soils amended with fly ash (Singh, 1989; 
Khan, 1989; Pasha, 1990; Singh, 1993; Khan et al, 1997; Yasmeen, 
2002; Hisamuddin et al, 2003 and Khan and Ghadipur, 2004). The 
experiment was aimed at to find out whether soil amendment 
with fly ash enhances or suppresses the root-knot infection. The 
experiment was carried out for three consecutive years and the 
results of second and third year experiments were compared with 
the results of first year experiments. From the results of the 
Experiment 4, it was revealed that repeated addition of fly ash did 
not benefit the plant; therefore soil was amended only once. 
MATERIALS A N D M E T H O D S 
Fly ash Analysis: 
Fly ash was collected from Kasimpur Thermal Power Plant 
(Aligarh). It was analysed as has been explained in Materials and 
Methods of Experiment 4. 
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Soil amendment with Fly ash: 
Sterilized sandy loam soil (7 clay: 3 sand: 1 farmyard 
manure) was amended by adding fly ash in different proportions 
(v/v) i.e. 10%, 20%, 30%, 40% and 50%. The soil not amended with 
fly ash served as control. 
Plant Culture and Treatments: 
The seeds of Ocimum sanctum L. (green variety) were 
axenized by NaOCl method (Koenning and Barker, 1985). The 
seeds were poured into sterilized beaker filled with 1:1 mixture of 
95% ethanol and 5.25% NaOCl. The mixture was stirred gently 
and the seeds were allowed to soak for about 5-10 minutes. The 
mixture was drained off and the seeds were rinsed with distilled 
water. 
Germination of seeds: 
The axenized seeds were sown in 30 cm diameter clay pots 
containing steam sterilized soil (7 clay: 3 sand: 1 farmyard 
manure) and fly ash in different proportions i.e., 10%, 20%, 30%, 
40% and 50% (v/v) . The pots were prepared according to the same 
method explained in Experiment 4. 
Preparation and inoculation of Root-knot nematode: 
The egg masses of Meloidogyne incognita were picked from 
the infected roots of egg plants maintained in glass house for pure 
culture. The egg masses were collected and then allowed to hatch 
in distilled water at 30oC in sterilized petridishes. The nematode 
suspension was collected for three days at an interval of 24h. The 
juveniles were counted with the help of counting dish. Three-
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week old seedlings were then inoculated with freshly hatched 
second-stage juveniles of M. incognita (2,000j2/pot) by making 
holes, 5-7 cm deep, within the radius of 2 cm. The holes were then 
plugged with steam sterilized soil. Each treatment consisted of 
five replicates. The pots were kept in a randomized complete 
block design in the glass house. Uninoculated plants served as 
control-1 (Ci). Inoculated plants grown in unamended soil served 
as control-2 (C2). The treatments were as follows: 
Ci = Control 
C2 = 0% fly ash + 2,000j2/pot 
Ti = 10% fly ash + 2,000j2/pot 
T2 = 20% fly ash + 2,000j2/pot 
T3 = 30% fly ash + 2,000j2/pot 
T4 = 40% fly ash + 2,000j2/pot 
T5 = 50% fly ash + 2,000j2/pot 
Watering was done regularly and the plants were harvested 
three months after inoculation. The data for different parameters 
were collected and statistically analyzed. 
In the second and the third years, same soil and the same 
population of the nematode was used except that farmyard 
manure was added proportionately. 
Plant Growth: 
After termination of the experiment, root, shoot and 
internodal length of the plants was measured with the help of 
meter scale. Number of branches was counted by visual 
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observation. After taking fresh weights, the roots and the shoots 
were kept in bamboo envelopes and placed in an incubator for 48 
hours at SQoC and weighed to obtain their dry weights. 
Leaf Area: 
Leaf area was ascertained by planimeter method which has 
been already described in previous experiments. 
Yield: 
The weight of 100 seeds, randomly selected from each 
treatment, was taken as yield. 
Estimation of chlorophyll: 
The amount of chlorophyll a,b and total chlorophyll content 
was estimated by the method described earlier in Experiment 3. 
Oil content: 
Oil content in fresh leaves was estimated according to the 
method of Clevenger (1928) already mentioned in Experiment 3. 
Number of Galls: 
The number of galls was counted by visual observation. 
Number of Egg masses: 
Number of egg masses in infected roots was counted by 
staining egg masses with phloxin B. 
Morphometry of Nematode: 
The length and width of female body, its neck, stylet, 
median bulb in (fim) was measured using camera lucida. 
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RESULTS 
Root and Shoot Length: 
I year: 
In comparison to uninoculated control plants (Ci), 
significant reductions (p<0.01) were observed, in the lengths of 
the roots and the shoots of C2 plants, inoculated with the root-
knot nematode {Meloidogyne incognita) and grown in the soil not 
amended with fly ash. The reductions were 37.23% and 30.64% in 
the roots and the shoots, respectively of C2 plants (H-19 and H-
20). The reductions were also significant (p<0.01) in the lengths of 
roots and the shoots of Ti, T2, T3, T4 and T5 plants which were 
inoculated with the nematode and grown in fly ash amended soil 
(Table 8A). Among the plants inoculated with root-knot nematode 
and grown in fly ash amended soil, highest reductions (33.11% in 
the roots and 25.08% in the shoots) were observed in Ti plants and 
lowest reductions (19% in roots and 12.68% in shoots) in T3 plants 
(Table 8A, H-19 and H-20). Highest reduction in plant length was 
observed in C2 plants followed by Ti plants, and lowest reduction 
was observed in T3 followed by T4 plants (P. 65). 
In comparison to inoculated control (C2) plants, 
enhancement in the length of the root and the shoot was observed 
in the plants inoculated with the nematode and grown in fly ash 
amended soil. A non-significant increase was noticed in Ti plants. 
In T2 and T4 plants, the increase in length was significant (p<0.05) 
but in T5 plants, the increase was non-significant. Increase in 
length was significant (p<0.01) and highest in T3 plants being 
29.11% in roots and 25.90% in shoots. Increase in length was 
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lowest and non-significant in roots and shoots of Ti plants (Table 
8A, H-19 and H-20). Highest increase in total length was observed 
in T3 plants and lowest in Ti plants (P. 65). 
II year 
Significant reductions (p<0.01) in the lengths of the roots 
and the shoots were observed in C2 plants and all the other 
treatments, when compared with uninoculated control (Ci) plants. 
Highest reductions in the root lengths and the shoot lengths 
(37,10% and 30.86%, respectively) were observed in C2 plants 
followed by Ti plants, in which the reductions were 33% and 
27.76% in the roots and the shoots, respectively. The reductions 
were lowest 19% in roots, and 16% in shoots, in T3 plants (Table 
8A, H-19 and H-20), In total plant length, greatest reduction was 
observed in C2 followed by Ti plants and lowest reduction was 
observed in T3 plants (P. 66). 
The lengths of the roots and the shoots increased in all the 
nematode inoculated plants grown in fly ash amended soil, when 
compared with inoculated control (C2) plants. In Ti and T5 plants, 
the increase in the length of the root and the shoot was non-
significant. In T2 and T4 plants, there was a significant (p<0.05) 
increase. The increase was greatest and significant (p<0.01) in T3 
plants being 28.67% in roots and 21.47% in shoots, and lowest 
being 6.48% in roots and 4.49% in shoots, in Ti plants (Table 8A, 
H-19 and H-20). Increase in total plant length was lowest in Ti 
plants and highest in T3 plants (P. 66). 
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Ill year: 
There were significant (p<0.01) reductions in the lengths of 
the roots and the shoots of C2 plants and the plants of the 
treatments from Ti to T5, when compared with uninoculated 
control (Ci) plants. The reductions in the lengths of the roots and 
the shoots of C2 plants, in comparison to Ci plants were 36.94% 
and 31.51%, respectively. Among the plants grown in fly ash 
amended soil, highest reductions were observed in T5 plants 
(37.61% in root and 32.28% in shoot) (Table 8A, P. 67, H-19 and H-
20). 
When the root length and the shoot length of the plants 
grown in fly ash amended soil were compared with the lengths of 
C2 plants, it was revealed that significant (p<0.05) increase 
occurred only in T3 plants. In Ti, T2 and T4 plants, the increase in 
length was non-significant. The lengths of T5 plants exhibited 
(non-significant) reductions (Table 8A, H-19 and H-20). Increase 
in plant length was highest in T3 plants and lowest in Ti plants. 
The T5 plants showed reduction in total plant length (P. 67). 
I, II and III year: 
From the data it is evident that there was no marked 
difference in the length of roots and the shoots and the total 
length of Ci and C2 plants, when the lengths of three consecutive 
years were compared. Similarly, when the lengths of the roots and 
the shoots of each treatment were compared with one another 
from the results of the I, II and the III year, it was noticed that the 
lengths of the plants of III year experiment were shortest. Highest 
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reduction in plant length was observed in T5 plants in the third 
year, when compared with control and other treatments. 
Root and Shoot Weight: 
I year: 
In comparison to uninoculated control (Ci), significant 
reductions (p<0.01) were observed, in the fresh as well as the dry 
weights of the roots and the shoots of C2 plants, inoculated with 
root-knot nematode (Meloidogyne incognita) and grown in 
unamended soil. The reductions were 43.17% and 25.74% in fresh 
weights of the roots and the shoots, and 67.35% and 47.51% in dry 
weights of the roots and the shoots of C2 plants, respectively (H-
21, H-22, H-23 and H-24). The reductions in weight (fresh as well 
as dry) were also significant (p<0.01) in other treatments (Ti to T5) 
inoculated with the nematode and grown in fly ash amended soil. 
Highest reductions in fresh weight and in dry weight of both roots 
and shoots were observed in C2 plants followed by Ti plants. The 
reductions were lowest (17.11 and 12.70%) in fresh weight of the 
roots and the shoots and (35.03 and 21.56%) in dry weights of the 
roots and the shoots, respectively in T3 plants (Table 8A, 8B, H-21, 
H-22, H-23 and H-24). 
In comparison to inoculated control (C2) plants, 
enhancement in the fresh as well as dry weights of both the roots 
and the shoots was observed in the plants, inoculated with the 
nematode and grown in fly ash amended soil. A non-significant 
increase in weight (fresh as well as dry) of the roots and the 
shoots was noticed in Ti plants. In T2 and T4 plants, the increase 
in weight (fresh as well as dry) of the roots and the shoots was 
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significant (p<0.05) but in Ts plants the increase was non-
significant. Increase in weight of the roots and the shoots (fresh as 
well as dry) was significant (p<0.01) and highest in T3 plants 
(45.84% and 17.56% in fresh and 99.02% and 49.44% in dry 
weights, respectively) (Table 8A, 8B, H-21, H-22, H-23 and H-24). 
II year: 
Significant reductions (p<0.01) in weight of the roots and the 
shoots (fresh as well as dry) were observed in C2 and in all the 
other treatments, when compared with uninoculated control (Ci) 
plants. Highest reductions in fresh weights (42.81 and 25.10%, 
respectively) and dry weights (67.46 and 47.31%, respectively) 
were observed in the roots and the shoots of C2 plants, followed 
by Ti plants in which reductions were 39.89 and 23.51% (in fresh 
weights) and 62.50 and 42.65% (in dry weights), respectively. The 
reductions were lowest (17.33 and 13.08%) in fresh weight and 
(35.89 and 20.76%) in dry weights of both roots and shoots, 
respectively, of T3 plants. (Table 8A, 8B, H-21, H-22, H-23 and H-
24). 
The weight (fresh as well as dry) of the roots and the shoots 
increased in all nematode inoculated plants grown in fly ash 
amended soil, when compared with inoculated control (C2 plants). 
In Ti and T5 plants the increase in the weight (fresh as well as dry) 
of both roots and shoots was non-significant. In T2 and T4 plants, 
there was significant (p<0.05) increase. Significant (p<0.01) and 
highest increase (44.56% and 16.04% in fresh weight) and (97.04% 
and 50.40% in dry weight) was observed in roots and shoots of T3 
plants. (Table 8A, 8B, H-21, H-22, H-23 and H-24). 
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I l l Year: 
There were significant (p<0.01) reductions in the weights 
(fresh as well as dry) of the roots and the shoots of C2 plants and 
other treatments from Ti to T5, when compared with uninoculated 
control (Ci) plants. The reductions in weights (fresh as well as 
dry) of the roots and the shoots of C2 plants, in comparison to 
control (Ci) plants were (43.12 and 25.47%, 67.32 and 47.63%), 
respectively. Among the plants grown in fly ash amended soil, 
highest reductions (44 and 26.25% in fresh weight) and (68.46 and 
49.70% in dry weight) of roots and the shoots respectively, were 
observed in T5 plants. The reductions in weights were lowest 
(29.79 and 13.44% in fresh weights) and (48.69 and 30.39% in dry 
weights) in the roots and the shoots of T3 plants, respectively 
(Table 8A, 8B,H-21, H-22, H-23 and H-24). 
When the weight (fresh as well as dry) of the plants grown 
in fly ash amended soil were compared with those of C2 plants, it 
was observed that significant (p<0.05) increase occurred only in T3 
plants. In Ti, T2 and T4 plants, the increase in weight was non-
significant. The weights of T5 plants exhibited non-significant 
reduction. Increase in weight was highest (23.44 and 16.14%) iun 
fresh and (57 and 32.91%) in dry weights of the roots and the 
shoots of T3 plants and lowest (0.87 and 2.56%) in fresh and (13.50 
and 2%) in dry weighs of the roots and the shoots of Ti plants, 
respectively. The T5 plants exhibited reduction (1.51 and 1.05%) in 
fresh and (3.5 and 4%) in dry weight of the roots and the shoots, 
respectively (Table 8A and 8B, H-21, H-22, H-23 and H-24). 
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1, II and III year: 
From data it is evident that there was a negligible and non-
significant difference in the weights (fresh as well as dry) of the 
roots and the shoots of Ci plants when comparison of I ,11 and III 
year results was made. Similarly, there was no difference in the 
weight of the roots and the shoots of C2 plants, when the weights 
were compared with one another for three consecutive years. 
However, fresh weights and dry weights of the roots and the 
shoots in each treatments exhibited reduction in the third year, 
when compared with the first year. The reductions in plant weight 
were highly pronounced in T5 plants in the third year. 
Internodal length: 
I year: 
The length of internodes of the shoots of all treatments 
exhibited a significant reduction (p<0.01) in comparison to 
uninoculated control plants (Ci). The reductions were maximum 
(41%) in root-knot nematode (M, incognita) inoculated C2 plants 
grown in the soil not amended with fly ash followed by Ti plants 
(37.40%). Lowest reductions (17.86%) were observed in T3 plants 
inoculated with the nematode and grown in fly ash amended soil 
followed by T4 (24.42%) (Table 8B and H-25). 
An enhancement in the length of the internodes of the 
shoots was observed in the plants inoculated with the nematode 
and grown in fly ash amended soil, when comparisons were made 
with unamended control (C2) plants. A non-significant increase 
was noticed in Ti plants. The T2 and T4 plants exhibited significant 
(p<0.05) increase whereas non-significant increase was noticed in 
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Ts plants. Increase in the length of the internodes of shoots was 
significant (p<0.01) and highest (39.37%) in T3 plants. Increase in 
length of internodes of shoots was smallest (6.21%) in Ti plants 
(Table 8B and H-25). 
II year: 
The length of the internodes of the shoots reduced 
significantly (p<0.01) in C2, and all the other treatments, when 
compared with uninoculated control (Ci) plants. Highest 
reduction in the length of internodes of shoots was observed in C2 
plants (41.87%) followed by Ti plants in which the reduction was 
(38.65%). The reduction was lowest (20.24%) in T3 plants 
inoculated with root-knot nematode and grown in fly ash 
amended soil (Table 8B and H-25). 
The length of the internodes of the shoots increased in all 
nematode inoculated plants grown in fly ash amended soil, when 
compared with inoculated control (C2) plants. In Ti and T5 plants, 
the increase in length of internodes was non-significant whereas 
T2 and T4 plants exhibited a significant (p<0.05) increase over C2. 
The increase was significant (p<0.01) and greatest (37.20%) in T3 
plants and lowest (5.54%) in Ti plants (Table 8B and H-25). 
III year: 
A significant (p<0.01) reduction in the length of the 
internodes of shoots of treatments from T: to T5, was observed, in 
comparison to control (Ci) plants. The reduction in the length of 
internodes of shoots of C2 plants, in comparison to Ci plants, was 
43.20%. Highest reduction among the plants grown in fly ash 
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amended soil was observed in T5 plants (45.37%) and lowest in T3 
plants (29.01%) (Table 8B and H-25). 
When the length of the internodes of shoots of plants grown 
in fly ash amended soil were compared with the length of 
internodes of C2 plants, it was observed that significant (p<0.05) 
increase occurred only in T3 plants. The Ti, T2 and T4 plants 
exhibited non-significant increase in the length of internodes 
whereas T5 plants exhibited non-significant reductions. Increase in 
length of internodes of shoots was maximum in T3 plants (25%) 
and minimum (2%) in Ti plants (Table 8B and H-25). 
I, II and III year: 
From the data it is evident that there was negligible 
difference in the lengths of the internodes of shoots of Ci plants, 
when compared with the internodal lengths of three consecutive 
years. Year wise comparison of each treatment showed that the 
length decreased to a grater extent in the III year. In each 
treatment the lengths of the internodes of the plants of third year 
experiment were shorter than the plants of first year experiment. 
Highest reduction in internodal length was observed in T5 plants 
in the third year. 
Number of Shoot Branches: 
I Year: 
In comparison to uninoculated control plants (Ci), 
significant reductions (p<0.01) in the number of shoot branches, 
were observed in C2 plants, inoculated with root-knot nematode 
and grown in unamended soil. The reductions, in comparison to 
control (Ci), in the number of shoot branches were also significant 
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(p<0.01) in Ti, T2, T3, T4 and T5 plants which were inoculated with 
the nematode and grown in fly ash amended soil. Flighest 
reduction (44.17%) in the number of shoot branches was observed 
in C2 plants followed by 38.03% reduction in Ti plants. The lowest 
reduction (19.27%) in the number of shoot branches, was recorded 
in T3 plants (Table 8C and H-26). 
An enhancement in the number of shoot branches was 
observed in the plants inoculated with the nematode and grown 
in fly ash amended soil, when comparisons were made with 
unamended C2 plants. A non-significant increase in the number of 
shoot branches was observed in Ti and T5 plants whereas T2 and 
T4 plants exhibited significant (p<0.05) increase. Significant 
(p<0.01) and highest increase (43.58%) in the number of shoot 
branches was observed in T3 plants and lowest (11.0%) in Ti 
plants (Table 8C and H-26). 
II Year: 
The number of shoot branches reduced significantly (p<0.01) 
in C2 and all other treatments, when compared with uninoculated 
(Ci) plants. Highest reduction in the number of branches was 
observed in C2 plants (48.42%) followed by Ti plants in which 
reduction was 43.55%. Minimum reduction (26.07%) in number of 
shoot branches was observed in T3 plants (Table 8C and H-26). 
The number of shoot branches increased in all nematode 
inoculated plants grown in fly ash amended soil, when compared 
with inoculated control(C2) plants. The increase was non-
significant in Ti and T5 plants and significant (p<0.05) in T2 and T4 
plants. Maximum (43.33%) and significant (p<0.01) increase 
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occurred in T3 plants where as minimum (9.44%) increase was 
noticed in Ti plants (Table 8C and H-26). 
Ill year: 
There were significant (P£0.01) reductions in the number of 
shoot branches of C2 plants and all other treatments from Ti to T5, 
when compared with uninoculated control (Ci) plants. The 
reductions in the number of shoot branches were maximum 
(48.76%) in C2 plants followed by Ti plants showing 44.50% 
reduction. Minimum reduction (31.85%) was observed in T3 
plants. Among nematode inoculated plants grown in fly ash 
amended soil, maximum reduction(51.52%) in the number of 
shoot branches was observed in T5 plants (Table 8C and H-26). 
When the number of shoot branches of plants grown in fly 
ash amended soil were compared with that of C2 plants, it was 
revealed that significant (p<0.05) and highest increase (33%) 
occurred only in T3 plants whereas the treatments Ti, T2 and T4 
showed non-significant increase. The Ti plants showed lowest 
(8.30%) increase in the number of shoot branches where as T5 
plants exhibited non-significant (5.38%) reduction (Table 8C and 
H-26). 
I, II and III Year: 
From the data, it is clear that the difference in the number of 
shoot branches of Ci and C2 plants was negligible when compared 
for three consecutive years. In the number of shoot branches 
reductions were observed in the third year when compared with 
that of the first year. Highest reduction was observed in T5 plants 
in the third year. 
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LEAF AREA: 
I Year: 
The leaf area of the (Ci) plants inoculated with the root knot 
nematode {M.incognita) and grown in the soil not amended with 
fly ash, decreased significantly (p<0.01), in comparison to 
uninoculated control (Ci) plants. The reductions in leaf area were 
also significant (p<0.01) in Ti, T2, T3, Ti, and T5 plants which were 
inoculated with the nematode and grown in fly ash amended soil. 
Highest reduction in leaf area (55.40%) was observed in C2 plants 
followed by Ti plants showing 49.07% reduction whereas lowest 
reduction in leaf area (24.53%) was observed in T3 plants (Table 
8C and H-27). 
An enhancement in the leaf area was observed in the plants 
inoculated with the nematode and grown in fly ash amended soil, 
in comparison to inoculated control (C2) plant. The increase in leaf 
area was non-significant in Ti and T5 plants whereas T2 and T4 
plants showed significant (p<0.05) increase. Highest (69.23%) and 
significant (p<0.01) increase in leaf area was observed in T3 plants 
and lowest (14.20%) in Ti plants (Table 8C and H-27). 
II Year: 
Significant reductions (p<0.01) in leaf area were observed in 
C2 and all the other treatments, when compared with 
uninoculated control (Ci) plants. Highest reduction in the leaf 
area (57.21%) was observed in C2 plants followed by Ti plants in 
which reduction was (50.84%). Lowest, reduction (29.12%) was 
observed in T3 plants (Table 8C and H-27). 
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The leaf area increased in all nematode inoculated plants 
grown in fly ash amended soil, when compared with inoculated 
control (C2) plants. In Ti and T5 plants the increase in the leaf area 
was non-significant. In T2 and T4 plants, there was significant 
(p<0.05) increase in leaf area. The increase was greatest (65.65%) 
and significant (p<0.01) in T3 plants and lowest (14.89%) in Ti 
plants (Table 8C and H-27). 
Ill Year: 
There were significant (p<0.01) reductions in the leaf area of 
C2 plants and the plants of other treatments when compared with 
uninoculated control (Ci) plants. The reduction in the leaf area 
was 58.43% in C2 plants. Among the plants grown in fly ash 
amended soil, highest reduction in leaf area was observed in T5 
plants (60.13%), and lowest (41%) in T3 plants (Table 8C and H-
27). 
When the leaf area of the plants grown in fly ash amended 
soil was compared with that of C2 plants, it was observed that 
significant (p<0.05) increase occurred only in T3 plants. The 
increase in leaf area of Ti, T2 and T4 plants over C2 was non 
significant. The leaf area of T5 plants exhibited (non-significant) 
reduction. Increase in leaf area was highest (41.82%) in T3 plants 
and lowest (14.15%) in Ti plants. The T5 plants exhibited 4.08% 
reduction in leaf area (Table 8C and H-27). 
I, II and III Year: 
When the leaf area of the plants was compared for three 
consecutive years, it was found that the size of the leaf did not 
differ markedly in Ci plants. The results of C2 plants were also of 
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similar type. Each treatment when compared year wise, exhibited 
reduction in leaf area in the plants of third year experiments over 
that of first year experiments. The leaf area was highly reduced in 
Ts plants in the third year. 
Yield: 
I year: 
Significant (p<0.01) reductions in the weights of seeds (100 
seeds per plant) were observed in C2 plants, and in all other 
treatments from Ti to T5, when comparisons were made with 
uninoculated control (Q) plants. The reduction in seed weight 
was highest (47.91%) in C2 plant followed by Ti plants, showing 
(39.58%) reduction over Ci. The reduction was lowest (20,83%) in 
T3 plants (Table 8C and H-28). 
In comparison to inoculated control (C2) plants, 
enhancement in the seed weight was observed in the plants 
inoculated with the nematode and grown in fly ash amended soil. 
A non-significant increase was noticed in Ti and T5 plants, where 
as T2 and T4 plants exhibited significant (p<0.05) increase. 
Increase in seed weight was significant (p<0.01) and highest (52%) 
in T3 plants but lowest (16%) in Ti plants (Table 8C and H-28). 
II year: 
In comparison to uninoculated control (Ci) plants, 
significant reductions (p<0.01) in seed weight were observed in C2 
and in all the other treatments. Highest reductions (47.82%) in 
seed weight (100 per plant) were observed in C2 plants followed 
by Ti plants which showed 41.30% reduction. The reduction in 
seed weight was lowest (24.0%) in T3 plants (Table 8C and H-28). 
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An increase in seed weight was observed in all nematode 
inoculated plants grown in fly ash amended soil, when compared 
with inoculated (C2) plants. The increase in seed weight was non-
significant in Ti and T5 plants and significant (p<0.05) in T2 and 
T4 plants. The increase was greatest (45.83%) and significant 
(p<0.01) in T3 plants and lowest (12.5%) in Ti plants (Table 8C and 
H-28). 
Ill year: 
A significant (p<0.01) reduction in the seed weight of C2 
plants and the plants of other treatments was observed, in 
comparison to uninoculated control (Ci) plants. The reduction in 
C2 plant was 47.91%. Among the plants grown in fly ash amended 
soil, highest reduction in seed weight was observed in T5 plants 
(52%). The reduction was lowest (35.41%) in T3 plants (Table 8C 
and H-28). 
When the seed weights of the plants grown in fly ash 
amended soil were compared with seed weight of C2 plants, it was 
revealed that significant (p<0.05) increase occurred only in T3 
plants, and in the treatments Ti, T2 and T4 non-significant increase 
was noticed. The T5 plants showed non-significant reduction in 
seed weight over C2. Increase in seed weight was highest (24%) in 
T3 and lowest (4%) in Ti plants. The reduction in seed weight was 
8% in T5 plants. 
I, II and III year: 
The seed yield decreased in all fly ash amended soils when 
compared on annual basis. The plants grown in fly ash amended 
soil exhibited maximum reduction in seed weight in the third year 
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when comparisons where made with the first year. In T5 plants the 
reduction was higher in the third year, as compared to other fly 
ash levels. 
CHLOROPHYLL CONTENT: 
I year: 
In comparison to uninoculated control plants (Ci), 
significant reductions (p<0.01) were observed, in the amount of 
chlorophyll (a and b) of C2 plants and all other treatments. The 
reductions in chlorophyll a and b were highest (8.20 and 10.72%, 
respectively) in C2 plants followed by Ti plants showing 7.13 and 
9.74% reductions, respectively, in amount of chlorophyll a and b. 
The reductions in the amount of chlorophyll a and b were lowest 
(3.50 and 4.87%, respectively) in T3 plants. Highest reduction in 
total chlorophyll content was observed in C2 plants (5.46%) 
followed by Ti plants (4.02%), and lowest reduction was observed 
in T3 (2.52%) followed by T4 plants (3.13%) (Table 8D, H-29, H-30 
and H-31). 
In comparison to inoculated control (C2) plants, 
enhancement in the amount of both chlorophyll a and b was 
observed in the plants inoculated with the nematode and grown 
in fly ash amended soil. A non-significant increase in amount of 
chlorophyll a and b was noticed in Ti and T5 plants whereas in T2 
and T4 plants, the increase was significant (p<0.05). Increase in 
amount of chlorophyll a and b was significant (p<0.01) and 
highest in T3 plants (5.13 and 6.55%, respectively) and lowest (1.17 
and 1.09%, respectively) in Ti plants. Highest increase in total 
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chlorophyll content was observed in T3 plants (3.10%) and lowest 
(1.51%) in Ti plants (Table 8D, H-29, H-30 and H-31). 
II year: 
Significant reductions (p<0.01) in the amount of chlorophyll 
a and b were observed in C2 and all other treatments, when 
compared with uninoculated control (Ci) plants. Highest 
reductions in the amount of chlorophyll a and b were (8.90 and 
11.65%, respectively) in C2 plants followed by Ti plants in which 
the reductions were (8.36 and 10.87%, respectively). The 
reductions, in the amount of chlorophyll a and b were lowest (4.72 
and 7.18%, respectively) in T3 plants. In total chlorophyll content, 
greatest reduction (5.60%) was observed in C2 plants followed by 
Ti plants (4.78%) and smallest (2.93%) in T3 plants (Table 8D, H-
29, H-30 and H-31). 
The amount of chlorophyll a and b increased in all 
nematode inoculated plants grown in fly ash amended soil, when 
compared with inoculated control (C2) plants. In Ti and T5 plants, 
the increase in the amount of chlorophyll a and b was non-
significant. In T2 and T4 plants, there was significant (p<0.05) 
increase in the amount of chlorophyll a and b. The increase in the 
amount of chlorophyll a and b was greatest (4.59 and 5.05%, 
respectively) in T3 plants and lowest (0.59 and 0.87%, respectively) 
in Ti plants. Increase in total chlorophyll content was lowest 
(0.86%) in Ti plants followed by T5 plants (0.65%), and was 
highest (2.82%) in T3 plants (Table 8D, H-29, H-30 and H-31). 
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Ill year: 
There were significant (p<0.01) reductions in the amount of 
chlorophyll a and b of C2 plants and the plants of other treatments 
from Ti to T5, when compared with uninoculated control (Ci) 
plants. The reductions in the amount of chlorophyll a and b were 
9.39% and 12.03%, respectively. Among the plants grown in fly 
ash amended soil, highest reductions were observed in T5 plants 
(10.87% in chlorophyll a and 12.81% in chlorophyll b). The 
reductions in the amount of chlorophyll a and b were lowest (6.71 
and 9.70%, respectively) in T3 plants. Highest reduction (6.51%) in 
total chlorophyll content was observed in T5 plants and lowest 
(3.70%) in T3 plants (Table 8D, H-29, H-30 and H-31). 
A significant (p<0.05) increase in the amount of chlorophyll 
a and b occurred only in T3 plants whereas the treatments Ti, T2 
and T4 exhibited non-significant increase, when comparisons were 
made with C2 plants. The amount of chlorophyll a and b reduced 
non-significantly in T5 plants. Increase in amount of chlorophyll a 
and b was highest (3 and 2.64%, respectively) in T3 plants and 
lowest (0.44 and 0.66%, respectively) in Ti plants whereas T5 
plants showed (1.62 and 0.88%) decrease, respectively. The 
increase in total chlorophyll was highest (2%) in T3 plants and 
lowest (0.43%) in Ti plants. In T5 plants, the reduction in the total 
chlorophyll content was (1.0%) (Table 8D, H-29, H-30 and H-31). 
I, II and III year: 
The data revealed that there was not any significant 
difference in the amount of chlorophyll a, b and total chlorophyll 
in the first, second and the third year of Ci and C2 plants, when 
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compared separately for three consecutive years. In the plants 
grown in fly ash amended soil, reductions in amount of 
chlorophyll a,b and total chlorophyll content were observed in 
third year when the values were compared with the values of I 
year. The reduction in the chlorophyll content was higher in T5 
plants of the third year. 
OIL CONTENT: 
I year: 
In comparison to uninoculated control plants (Ci), 
significant reductions (p<0.01) in oil content of leaves were 
observed in C2 plants and in all other treatments. The reduction in 
the oil content was maximum (25.13%) in C2 plants followed by Ti 
plants showing (20.67%) reduction. Minimum reduction in oil 
content was observed in T3 plants (9.49%) followed by T4 plants, 
showing 16.75% reduction (Table 8D and H-32). 
In comparison to inoculated control (C2) plants, 
enhancement in the oil content of leaves was observed in the 
plants inoculated with the nematode and grown in fly ash 
amended soil. A non-significant increase in oil content of leaves 
was noticed in Ti and T5 plants, but in T2 and T4 plants, the 
increase in oil content of leaves was significant (p<0.05). Increase 
in oil content of leaves was significant (p<0.01) and highest 
(20.89%) in T3 plants and lowest (6%) in Ti plants (Table SD and 
H-32). 
II year: 
Significant reductions (p<0.01) in the oil content of leaves 
were observed in C2 and all other treatments, when compared 
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with uninoculated control (Ci) plants. Highest reduction (22.67%) 
in the oil content of leaves occurred in C2 plants followed by Ti 
plants in which the reduction was 21%. The reduction in oil 
content of leaves was lowest (10.46%) in T3 plants (Table 8D and 
H-32). 
The oil content of the leaves increased in all nematode 
inoculated plants grown in fly ash amended soil, when compared 
with inoculated control (C2 plants). In Ti and T5 plants the 
increase in the oil content of leaves was non-significant. In T2 and 
T4 plants, there was significant (p<0.05) increase in oil content. 
The increase in oil content of leaves was greatest (15.78%) and 
significant (p<0.01) in T3 plants and lowest (2.25%) and non-
significant in Ti plants (Table 8D and H-32). 
I l l year: 
There were significant (p<0.01) reductions in the oil contents 
of the leaves of C2 plants and the plants of the other treatments 
from Ti to T5, when compared with uninoculated control (Ci) 
plants. The reduction in the oil content of leaves of C2 plants was 
22.41%. Among the plants grown in fly ash amended soil, highest 
reduction in the oil contents of leaves was observed in T5 plants 
(25.28%) and lowest (15.0%) in T3 plants (Table 8D and H-32). 
When the oil content of the leaves of the plants grown in fly 
ash amended soil was compared with that of C2 plants, it was 
revealed that significant (p<0.05) increase occurred only in T3 
plants. In Ti, T2 and T4 plants, the increase in oil contents of leaves 
was non-significant. The oil contents of the leaves of T5 plants 
exhibited non-significant reductions. Increase in the oil content of 
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leaves was highest (9.69%) in T3 plants and lowest (1.48%) in Ti 
plants. In T5 plants, the reduction in the oil content of leaves was 
3.70% (Table 8D and H-32). 
I, II and III year: 
The oil content of the leaves did not vary considerably in Ci 
and C2 plants throughout the three years when compared 
individually. In other treatments, reductions in oil content were 
observed in the third year than first and second years. There was 
higher reduction in the T5 plants in the third year. 
NUMBER OF GALLS: 
I year: 
The number of galls per plant decreased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared 
with nematode inoculated plants grown in unamended soil (C2). A 
non-significant reduction in the number of galls occurred in Ti 
and T2 plants whereas significant (p<0.05) reduction in the 
number of galls was noticed in T3 plants. The reduction in the 
number of galls was also significant (p<0.01) in T4 and T5 plants. 
Maximum reduction in the number of galls was observed in T5 
plants (37.41%) followed by T4 plants showing 28.83% reduction. 
The reduction in gall number was minimum (4%) in Ti plants 
(Table 8E). 
II year: 
A non-significant reduction in the number of galls was 
observed in Ti and T2 plants grown in fly ash amended soil, when 
compared with nematode inoculated C2 plants. In T3 plants a 
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significant (p<0.05) reduction in the number of galls was 
observed. In T4 and T5 plants the reductions were higher and 
significant (p<0.01). Maximum reduction in the number of galls 
was observed in T5 plants (45%) followed by T4 plants showing 
(36.51%) reduction. Minimum reduction (5.47%) in the number of 
galls was observed in Ti plants (Table 8E). 
Ill year: 
In comparison to inoculated control (C2) plants, non-
significant reduction in the number of galls was noticed in Ti and 
T2 plants, whereas T3, T4 and T5 plants showed significant (p<0.01) 
reduction in the number of galls. Maximum reduction (51.35%) in 
the number of galls was observed in T5 plants followed by T4 
plants (40.28%), whereas minimum reduction (9.60%) in the 
number of galls was observed in Ti plants (Table BE). 
I, II and III year: 
From the data, it is evident that there was not any 
remarkable difference in the number of galls in C2 plants when 
compared for three consecutive years. The number of galls on the 
plants grown in fly ash amended soil exhibited reductions in the 
third year when compared with the first year. The number of 
galls, on the roots of T5 plants, in the third year experiment, were 
much lower than other plants. 
NUMBER OF EGG MASSES: 
I year: 
In comparison to inoculated control (C2) plants, reduction in 
the number of egg masses was observed in the plants inoculated 
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with the nematode and grown in fly ash amended soil. A non-
significant reduction was noticed in Ti and T2 plants. The T3 
plants exhibited significant (p<0.05) reduction in the number of 
egg masses. In T4 and T5 plants, the reductions in the number of 
egg masses was also significant (p<0.01) and higher than T3 
plants. Maximum reduction (30.90%) in the number of egg masses 
was observed in T5 plants followed by T4 plants (24.52%). The Ti 
plants exhibited minimum reduction (2.35%) in the number of 
galls (Table 8E). 
II year: 
The number of egg masses decreased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared 
with inoculated control (C2) plants. In Ti and T2 plants, the 
reduction in the number of egg masses was non-significant. In T3 
plants, there was significant (p<0.05) reduction. The reduction 
was greatest and significant (p<0.01) in T5 plants (37.45%) 
followed by T4 plants (30%). Minimum reduction (4.20%) was 
observed in Ti plants (Table 8E). 
III year: 
The number of egg masses decreased non-significantly in Ti 
and T2 plants and significantly (p<0.01) in T3, T4 and T5 plants, 
when comparisons were made with inoculated control (C2) plants. 
Greatest reductions (46.25%) were observed in T5 plants followed 
by T4 plants (34.68%). The Ti plants showed smallest (8.74%) 
reductions in the number of egg masses (Table 8E). 
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1, II, III year: 
The number of egg masses on C2 plants, when compared for 
three consecutive years, was almost the same. On the plants, 
grown in fly ash amended soil, reductions in the number of egg 
masses were observed in the third year when compared with the 
first year. The reduction was highest on T5 plants, in the third 
year than first and second years. 
LENGTH AND WIDTH OF MATURE FEMALE: 
I year: 
In comparison to inoculated control (C2) plants, reduction in 
body length and width of mature females was observed in all the 
treatments from Ti to T5. The reductions in body length and width 
were non-significant in Ti and T2, but significant (p<0.05) in T3 
plants, over the control (C2). In T4 and T5 plants the reductions in 
the length and width of the mature females were significant 
(p<0.01), being maximum in T5 (4.46 and 10.58%, respectively) 
followed by T4 (3.56 and 6.68%, respectively). The reductions in 
length and width of mature female in Ti were (0.45 and 0.75%, 
respectively) (Table 8F). 
II year: 
The length and the width of mature females decreased in all 
the treatments from Ti to T5, when compared with inoculated 
control (C2) plants. In Ti and T2 the reduction in the length and 
width of mature females were non-significant, whereas in T3 
treatment, there was a significant (p<0.05) reduction. The 
reduction was significant (p<0.01) and greatest in T5 (5.0 and 
11.46%, respectively) followed by T4 plants (4.0 and 7.62%, 
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respectively). The lowest reduction (0.56% and 1%) was observed 
in Ti plants (Table 8F). 
Ill year: 
When the length and the width of mature females in all the 
treatments (Ti to T5) were compared with that of C2 plants it was 
revealed that reductions occurred significantly (p<0.01) in T3, T4 
and T5 but non-significantly in Ti and T2 plants. The reductions 
were highest (5.26% in length and 12.70% in width) in T5 plants 
followed by T4 plants showing 4.25% reduction in length and 
9.20% in width of mature females. The reductions in the length 
and width of the body were lowest (1.0 and 2.19%, respectively) in 
Ti plants (Table 8F). 
I, II and III year: 
The data of three years indicated that there was no marked 
variation in the length and the width of the mature females in C2 
plants when grown for three consecutive years in a soil not 
amended with fly ash. In fly ash amended soil, the length and the 
width of mature females was found to be decreased in the third 
year, when compared with the first year. The variations in 
dimension of the female body were prominent on T5 plants of 
third year experiment. 
LENGTH AND WIDHT OF NECK: 
I year: 
In comparison to inoculated control (C2) plants, reduction in 
the length and the width of the neck of the females was observed 
in all the treatments from Ti to T5. A non-significant reduction 
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was noticed in Ti and T2 plants. In T3 plants, the reduction was 
significant (p<0.05). In T4 and T5 plants significant (p<0.01) 
reductions in length and width of neck of females were observed, 
being highest in T5 (14.01 and 34.90%, respectively) followed by T4 
(8.58 and 31.55%, respectively). Smallest (0.64 and 2.67%) 
reductions in the length and width of neck of females were 
noticed in Ti plants respectively (Table 8G). 
II year: 
The length and width of the neck of the females decreased in 
all treatments from Ti to T5, when compared with C2. The 
reductions were non-significant in Ti and T2 but significant 
(p<0.05) in T3 plants. Higher and significant (p<0.01) reductions in 
the length and the width of the neck of the females were observed 
in T4 and T5 plants. The reductions were highest (15.61 and 
36.81%, respectively) in T5 followed by T4 (12.46 and 32.41%, 
respectively). Lowest reductions (1.12 and 4.94%) occurred in Ti 
plants respectively (Table 8G). 
III year: 
When the neck length and width of the females, in all fly ash 
amended treatments, were compared with that of C2, it was 
observed that non-significant reductions occurred in Ti and T2 
plants, but T3, T4 and T5 exhibited significant (p<0.01) reductions. 
Highest reductions occurred in T5 plants (16.06 and 38.09%) 
followed by T4 plants (13.56 and 33.54%, respectively) whereas 
smallest reductions (2.09 and 6.30%) were observed in Ti plants 
(Table 8G). 
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I, II, III year: 
There was no marked differerice in the length and the width 
of neck of the females on C2 plants, when compared separately for 
three consecutive years. The reductions in neck dimensions of 
females were observed in the third year in comparison to first 
year. The values of neck length and width were much lower on T5 
plants in third year. 
STYLET LENGTH AND WIDTH: 
I year: 
The length and the width of the stylet of the females 
decreased in all the treatments from Ti to T5, when compared with 
C2. The reductions were non-significant in Ti and T2 plants and 
significant (p<0.05) in T3 plants. Significantly (p<0.01) higher 
reductions in length and width of the stylet were observed in T4 
and T5 plants, being highest (1.43 and 1.21%, respectively) in T5 
followed by T4 plants (1.25 and 1.21%, respectively) (Table 8H). 
II and III year: 
The data of the second and third year remained same as first 
year (Table 8H). 
LENGTH AND WIDTH OF MEDIAN BULB: 
I year: 
In comparison to inoculated control (C2), the length and 
width of the median bulb of the females reduced in all the 
treatments from Ti to T5. A non-significant reduction was 
observed in Ti and T2 plants whereas significant (p<0.05) 
reductions occurred in T3 plants. Reductions in the length and the 
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width of the median bulb of the females were significant (p<0.01) 
and highest (33.21 and 9.57%/ respectively) in T5 plants followed 
by T4 plants (25.41 and 9.20%, respectively). The reductions were 
smallest (3.31 and 0.76%, respectively) in Ti plants (Table 81). 
II year: 
When the length and the width of median bulb in all the 
treatments were compared with that of C2/ it was revealed that 
non-significant reductions occurred only in Ti and T2 plants. In T3 
plants, the reductions were significant (p<0.05). The reductions 
were significant (p<0.01) and highest in T5 plants (34.53 and 
10.31%, respectively) followed by T4 plants (27.57 and 10.81%, 
respectively). Smallest reductions were observed in Ti plants (3.79 
and 1.31%, respectively) (Table 81). 
III year: 
The length and the width of the median bulb of the females 
decreased in all treatments in comparison to C2. The reductions 
were non-significant in Ti and T2 but significant (p<0.01) in T3, T4 
and T5 plants. The reductions were highest (35.25 and 10.47%, 
respectively) in T5 followed by T4 plants (29 and 10.42%, 
respectively) and lowest in Ti plants (5.79 and 1.50%, respectively) 
(Table 81). 
I, II and III year: 
The difference in the length and width of median bulb of the 
females on C2 plants, when compared for three consecutive years 
were negligible and were not prominent. The reductions were, 
however, observed in the females on Ti to T5 plants grown in fly 
ash amended soil, in the third year experiment, when compared 
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with first year experiment plants. Highest reduction in the length 
and width of median bulb was found on T5 plants. 
DISCUSSION 
The experiment was aimed at realizing the impacts of fly ash 
on the growth of root-knot nematode infected plants {Ocimum 
sanctum) and on the development of the nematode {Meloidogyne 
incognita). The data of the first year experiments revealed that 
plant length, plant weight, internodal length, number of branches, 
leaf area, yield, chlorophyll contents and oil contents decreased in 
all the treatments than the controls. It showed that the fly ash 
amendment in the soil could not overcome the loss done by the 
nematode. The extent of loss was highest in C2 plants which were 
inoculated with the nematode and grown in unamended soil. In 
C2 plants, the losses recorded were about 32% in plant length, 41% 
in internodal length, 30% in total fresh weight, 52% in total dry 
weight, 44% in number of branches per plant, 55% in leaf area, 
47% in seed weight, 5% in chlorophyll and 25% in oil content. The 
losses in the parameters of the plants grown in fly ash amended 
soil were lower than C2 plants. From these findings it might be 
inferred that application of fly ash into the soil probably 
improved the physico-chemical characteristics of the soil that 
proved favourable for the plant growth and other plant 
characteristics. Addition of fly ash into the soil, its influence on 
the activity of M. incognita and the associated effects on plant 
growth have been reported by several workers and it is widely 
accepted that nematode infestation and crop damage are much 
greater in unamended soils than in soils amended with fly ash 
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(Khan, 1989; Singh, 1989; Pasha, 1990; Singh, 1993; Khan et al, 
1997; Yasmin, 2002; Hisamuddin et al, 2003 and Khan and 
Ghadipur, 2004). 
Addition of fly ash into the soil alters the physical as well as 
chemical characteristics of the soil. For instance, the fly ash results 
in increase in cation capacity, in pH, and also in water holding 
capacity. It lowers down porosity and increases concentration of 
carbonates and bicarbonates. Higher concentration of carbonates 
and bicarbonates (Khan and Khan, 1996; Siddiqui et al., 2004) and 
pH above neutral (Khalil and Shah, 1979) produced adverse 
effects on nematode penetration and subsequently on disease 
development. Some other toxic compounds viz. dibenzoforan and 
dibenzo-p-dioxine mixtures (Helder et al., 1982; Sawyer et al., 
1983) , metallic elements like arsenic, cadmium chromium, copper, 
lead, nickel, selenium and zinc (Khan et al.,1997) in fly ash, might 
have played a major role in killing the nematode juveniles directly 
in the soil. Depletion of soil porosity, probably resulted in slowing 
down the movement of the nematodes within the soil, producing 
adverse effects on nematode penetration and finally, curtailing 
disease severity. Organic matter content of the soil seems to be an 
important factor influencing plant growth because higher 
availability of nutrients might help the plant to grow rapidly and 
to escape the damage caused by nematodes. Presence of utilizable 
nutrients such as sulphate, P, K, Ca, B and Mg in fly ash and their 
accumulation in plant, thereby enhancing natural defence against 
nematodes has been reported by Kirkpatrick et al., 1964; Francois, 
1984; and Khan et al., 1997. Nitrogen is almost absent in fly ash 
(Adriano et al., 1980). Nitrogen deficiency in soils declined the 
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rate of development of M, javanica on tomato (Davide and 
Triantaphyllou, 1967), and caused abnormal development of 
nematode juveniles (Singh 1993). 
The comparisons of the considered parameters of Ti to T4 
plants, from inoculated control(C2) exhibited an increasing trend. 
The plant length of Ti plants increased by 7.57%, T3 plants by 
25.1% and T5 plants by 14.72%. The pattern of increase in growth 
and other parameters was almost the same as mentioned earlier. 
Lower concentration of fly ash increased plant length, plant 
weight, yield, chlorophyll pigment, and oil content. The increase 
in these parameters was highest in T3 plants followed by T4 
plants. From these results it might be suggested that addition of 
fly ash into the soil, improved soil characteristics that were 
expressed as increase in plant growth. The fly ash did not manage 
the root-knot disease but it improved plant health. The 
chlorophyll pigments and the oil contents of the plants decreased 
significantly at all the fly ash levels, in comparison to 
uninoculated control. The amount of chlorophyll increased, 
though non-significantly, in Ti plants but significantly at other fly 
ash levels, when the comparisons were made with inoculated 
control. Presence of nutrients in the fly ash promoted growth of 
inoculated plants but the selective toxic effect of the fly ash on 
the nematodes interfered in root penetration, thereby leading to 
low disease intensity and poor reproduction of the nematodes. 
Availability of certain nutrients and reduction in disease severity 
might have played a positive role in the synthesis of chlorophyll 
pigments at normal rate, in inoculated plants grown at different 
levels of the fly ash. 
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From the data of morphometrical studies, it was found that 
fly ash produced deleterious effects on the development of the 
nematode. The results of the first year experiments revealed 
reduction in length and width of the mature female. The 
measurements of median bulb, neck and stylet also showed 
reduction, in comparison to those developed on the roots of the 
plants grown in unamended soil. It appeared that presence of 
heavy metals and toxic substances in fly ash, probably, 
intervened in the development of the nematode. Wong and Wong 
and Wong (1986) also reported that higher levels of fly, due to 
accumulation of toxic substances, might have become suppressive 
for microbial activity like root nodule bacteria and root-knot 
nematode. Helder et al., 1982 attributed the inhibitory effect of the 
fly ash to the presence of toxic substances and heavy metals. 
Singh (1993) also reported significant reductions in the 
morphometrical parameters of M. javanica as a result of fly ash 
amendment. 
In the second year, highest reduction in all the growth 
parameters, chlorophyll and oil content was observed in T2 plants 
and lowest in T3 plants, in comparison to uninoculated control, 
indicating that amendment of soil with 30% fly ash was more 
beneficial to the plants that were inoculated with M. incognita. In 
comparison to inoculated control (T2), an increase in the values of 
plant growth, chlorophyll pigment and oil content in all the 
treatments from Ti to T5 might be attributed to higher 
concentration of nutrient elements, and also to the altered 
physical characteristics of the amended soil. However, the 
decreasing trend in T4 and T5 plants might be due to the presence 
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of toxic elements in higher amount in the fly ash as well as to 
unfavourable physical characteristics like low porosity, of the 
amended soil. The amendment of soil with 30% fly ash seems to 
be more beneficial for all growth parameters and biochemical 
aspects like chlorophyll pigment and oil content. 
The number of galls and number of egg masses in second 
year exhibited a trend similar to the first year. In comparison to 
the data of the first year, it was observed that at the same fly ash 
levels, the number of galls and the number of egg masses 
exhibited further reduction in the second year. 
The data of the second year experiments revealed that the 
morphometrical parameters of the mature females exhibited 
further reduction. The lengths and the widths of body, neck, 
median bulb and stylet were further decreased when compared 
with the values of first year experiments. From these findings it 
might be speculated that the fly ash components were not 
favourable for the nematode development. Wallace (1969) 
reported that any change in the plant environment can influence 
nematode development in their parasitic phase. 
From the results of the third year it became evident that 
plant length, plant weight, leaf area, internodal length, number of 
branches, seed yield, amount of chlorophyll and the amount of oil, 
all exhibited reduction at all the fly ash levels, when compared 
with uninoculated control. The reductions in these parameters 
were higher even than the values of second year. While 
comparing the results of all the three years, it might be deduced 
that fly ash addition might be beneficial to the plants only for one 
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time. The results showed that 30% level was most suitable for the 
plant growth which exhibited highest increase in the first year 
and the lowest reduction in the third year. On the contrary a 
higher concentration of fly ash (50%) was least beneficial to plant 
in the first year and most detrimental in the third year. 
The pathogenic effects like galling and egg mass production 
in the infected regions, in the third year were although similar to 
that of first and second year experiments, but in the third year 
experiments higher reductions were noticed in the gall number 
and in egg mass production, at same fly ash levels. 
The morphometrical studies of the nematode in the third 
year experiments indicated higher reductions in the dimension of 
morphometrical parameters. Higher concentrations of fly ash 
were more injurious for the development of the nematode. From 
this study it was found that fly ash addition of any concentration 
in the soil hampered normal development of the nematode. These 
facts might be ascribed to the heavy metal elements that probably 
affected metabolic reactions of the nematode. 
Thus from our findings it might be concluded that fly ash 
amendment decreased the severity of root-knot disease in the first 
year. Since fly ash changed physical characteristics of the soil and 
hence affected plant growth and nematode development. Keeping 
in view the deleterious aspects of fly ash it is necessary to 
ascertain the appropriate dosage of fly ash for the amendment of 
soil as over dose might result in phytotoxicity. 
Due to fly ash amendments, physiological and biochemical 
activities of the plants might be affected, causing harmful effects 
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on the nematode development through altered supply of the 
nutrients. Reduced nitrogen content of the plants might have 
contributed towards the abnormal development of the nematodes. 
Nitrogen deficiency is reported to retard the rate of development 
of M. javanica on tomato (Davide and Triantaphyllon, 1967). 
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Table-1: Tertiary butyl alcohol dehydration schedule (Johansen, 1940) 
I 
1 
Step 
1. 
2. 
3. 
4. 
5. 
6*. 
7. 
8. 
% Alcohol 
50 
70 
85 
95 
100 
100 
100 
100 
1 
Time 
2 h or more 
overnight 
i-2 1i 
l-2h 
1-3 h 
1-3 h 
1-3 h 
over night 
1 
Quality (ml) neec 
Distilled 
water 
50 
30 
15 
0 
0 
0 
0 
0 
95% 
ethanol 
40 
50 
50 
45 
0 
0 
0 
0 
ed for solution 
100% 
ethanol 
0 
0 
0 
0 
25 
0 
0 
0 
100% 
T.B.A. 
10 
20 
35 
50 
75 
100 
100 
100 
TBA changes were carried out at 30°C. 
Table-2: Safranin and fast-green (Sass, 1951) 
Step Solution 
Xylene 
Absolute ethanol 
95% ethanol 
70% ethanol 
50% ethanol 
30% ethanol 
1 % aqueous safranin 0 
rinse in tap water 
30% ethanol 
10, 50% ethanol 
70% ethanol 
95% ethanol 
0.1% fast green FCF in 95% ethanol 
Absolute ethanol 
Absolute ethanol 
Xylene-absolute ethanol (1:1) 
Xylene 
Xylene 
Time 
5 
5 
5 
5 
5 
5 
I-
mm 
min 
min 
min 
min 
min 
• 1 2 h 
3 min 
3 min 
3 min 
3 min 
5-30 sec 
15 sec 
3 min 
3 min 
5 min 
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Fig. I 
TabIe-6: Physico- cliemicnl chiiracteristics of fly ash usvd in the stmh 
Electrical conductivity (ninihos on' ) 9.84 
PH 8.90 
Texture (%) 
Sand size particles 32. i 5 
Silt size particles 49.30 
Clay size particles 8.53 
Total organic carbon (%) 0.07 
Total nitrogen (%) 0.05 
Elements 
Pb 27.56 ppm 
Ni 06.90 pp n 
Mn 22.80 pp n 
Co 03.82 ppn 
B 21.71 ppm 
Cu 01.52 ppm 
K 722.20 ppm 
Cr 13.91 ppm 
Cd 00.24 ppm 
Zn 03.04 ppm 
I'c 02.43 ppm 
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p. 1: Showing passage (P) made by second-stage juvenile (N). 
P. 2: Showing passage (P) of second-stage juvenile (N), 
P. 3: Showing passage (P) and entry of juvenile . 
P. 4: Showing fragments of second-stage juvenile (N). 
p. 1 p. 2 
*^ 9nP' 
^ -1 >:V^^^^^^^^^BBtf/ 
. •„.• ' . .vr,>/f; ' . ' ' , / 
p 
p. 3 P. 4 
p. 5: Showing hypertrophied cells (HC) near the vicinity of the 
nematode (N). 
P. 6: Showing nematode (N), hypertrophied cell (HC), giant 
cell (GC) 
P. 7: Showing hyperplasia (HP) and giant cells (GC) 
P. 8: Showing giant cells (GC), abnormal vessel element (AVE), 
primary phloem (P), hypertrophy (HT) and hyperplasia 
(HP). 
N 
^ 
ZE 
ICG 
,*GC 
' l i 
P. 5 P. 6 
p. 7 P. 8 
p. 9: Showing giant cell (GC), abnormal vessel element (AVE), 
hyperplasia (HP) and nematode (N). 
P. 10: Showing hypertrophy (HT), hyperplasia (HP), giant cells 
(GC), vessel element (VE) and abnormal vessel elements 
(AVE). 
P. 11: Showing hypertrophy HT, hyperplasia (HP) and giant 
cells (GC) 
P. 12: Showing giant cell (GC) and two to three nematodes (N). 
p. 9 P. 10 
p. 11 R12 
p. 13: Showing vessel elements (VE), phloem (P) and nematode 
(N). 
P. 14: Showing phloem (P) and nematode (N). 
P. 15: Showing vessel element (VE), phloem (P) and nematode 
(N). 
P. 16: Showing vessel element (VE), phloem (P) and nematode 
(N). 
p. 13 P. 14 
P. 15 P. 16 
p. 17: Showing giant cell complex (GCC), hypertrophy (HT), 
hyperplasia (HP), phloem (P) and vessel (VS). 
P. 18: Showing normal vessel (NVS), abnormal vessel element 
(AVE), hypertrophy (HT), nematode (N), and phloem (P). 
P. 19: Showing abnormal vessel element (AVE). 
P. 20: Showing abnormal vessel element (AVE). 
p. 17 P. 18 
P. 19 P. 20 
p. 21: Showing giant cells (GC) and abnormal vessel element 
(AVE). 
P. 22: Showing giant cell complex (GCC) and abnormal vessel 
element (AVE). 
P. 23: Showing giant cell (GC) and abnormal vessel element 
(AVE). 
P. 24: Showing giant cell complex (GCC). 
p. 21 P. 22 
P. 23 P. 24 
p. 25: Showing various giant cell complexes (GCC). 
P. 26: Showing giant cell (GC), giant cell complex (GCC) and 
nematode (N). 
P. 27: Showing giant cell complexes (GCC). 
P. 28: Showing hypertrophy (HT), giant cell (GC), abnormal 
vessel element (AVE) and vessel element (VE). 
p. 25 P. 26 
" 
' « l H " / . ! « 
GCC-
. 
• 
1 TWffv^^^ € • 
-mfTfJi 
* , i r ^ ^ a. 
P27 P. 28 
p. 29: Showing abnormal vessel element (AVE) and 
hypertrophy (HT). 
P. 30: Showing normal vessel element (NVE), phloem (P), giant 
cell complex (GCC), abnormal (AV), hypertrophy (HT), 
hyperplasia (HP) and nematodes (N). 
P. 31: Showing nucleus (NC) and nucleoli (NU). 
P. 32: Showing vessel (VS), giant cell complex (GCC) and 
hypertrophy (HT). 
« ^ 
^ 
1 
* 
^ 
' * K 
j AVE 
i' 
«l | 
HT 
I ,,^N A>f^ , 
P. 29 P. 30 
P. 31 P. 32 
p. 33: Showing normal vessel (NVS), abnormal vessel element 
(AVE), giant cell (GC), hypertrophy (HT) and nematode 
(N). 
P. 34: Showing giant cell (GC) and abnormal vessel element 
(AVE). 
P. 35: Showing phloem (P), nematode (N) and giant cell (GC). 
P. 36: Showing giant cell (GC) and nucleus (NC). 
'-" 
r^ ::a£7 \jiL • ' •j^^mf «» 'J^ • ^ H l 
B^^^^^^HjI^V C^(^ i^'im^ w^ 
Ni^^\' 
HT 
P. 33 P. 34 
: - ^ ^ ~ ' 
^ ^ % ^ ^ 
c 
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N 
P. 35 P. 36 
p. 37: Showing normal xylem (XS), abnormal xylem (AX) and 
phloem (P). 
P. 38: Showing giant cell (GC) and nematode (N). 
P. 39: Showing abnormal vessel element (AVE), giant cell (GC) 
and abnormal xylem (AX). 
P. 40: Showing giant cell (GC) and nematodes (N). 
p. 37 P. 38 
R39 R40 
p. 41: Showing abnormal xylem (AX), abnormal vessel element 
(AVE) and giant cell (GC). 
P. 42: Showing abnormal xylem (AX), abnormal vessel element 
(AVE) and giant cell (GC). 
P. 43: Showing giant cell complex (GCC) and nematode (N). 
P. 44: Showing giant cell complex (GCC), nematodes (N) and 
abnormal xylem (AX). 
' ^ 'it I I_U ± 
p. 41 P. 42 
4: 
% 
^ G C C 
P. 43 P. 44 
p. 45: Showing giant cell complexes (GCC), giant cell (GC), 
nematode (N), abnormal vessel elements (AVE) and 
abnormal xylem (AX). 
P. 46: Showing giant cell complex (GCC) and normal xylem 
(XS). 
P. 47: Showing giant cell complexes (GCC) and nematodes (N). 
P. 48: Showing abnormal xylem (AX), giant cell complex (GCC), 
hypertrophy (HT) and nematode (N). 
p. 45 P. 46 
P. 47 P48 
p. 49: Showing nematode (N), abnormal xylem (AX), phloem (P) 
and giant cell (GC). 
P. 50: Showing giant cell complex (GCC) and abnormal xylem 
(AX). 
P. 51: Showing abnormal xylem (AX) and giant cell (GC). 
P. 52: Showing giant cell (GC) and phloem (P). 
p. 49 P. 50 
P. 51 P. 52 
p. 53: Showing giant cell complex (GCC). 
P. 54: Showing giant cell complex (GCC). 
P. 55: Showing nematodes (N). 
P. 56: Showing giant cell (GC). 
p. 53 P. 54 
* 
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SUMMARY 
Medicinal plants are high valued renumerative crop earning 
foreign exchange. These are used as raw material in flavouring 
pharmaceutical, perfumery and cosmetic industries of the world. 
Ocimum Sanctum-renowned medicinal plant belonging to family 
Lamiaceae, commonly known as Tulsi, is grown in almost all parts 
of India and is held sacred by Hindus all over the country. It is 
also grown as an ornamental plan. A large number of the plant 
parasitic nematodes have been reported in the rhizosphere of 
different medicinal plants affecting the quality and quantity of the 
produce and the economy of the crop in many ways. The root-
knot nematode Meloidogyne incognita causes considerable losses to 
a number of plants including medicinal and ornamental plants. 
The following studies were carried out on O. sanctum in or.der to 
observe the effects of M. incognita on plant growth, yield and 
some biochemical parameters; and to examine the effects of fly 
ash amended soil on the plant growth and development of root-
knot nematode, M. incognita. 
Meloidogyne incognita, soon after penetration, induced giant 
cell formation, hypertrophy and hyerplasia around the giant cells 
in the roots of O. sanctum. These changes led to the formation of 
prominent galls. As a result of infection, the plants exhibited 
stunting and loss of weight. The ultimate result of infection on 
root anatomy and physiological activities of the host plant was 
yield loss. 
In the first experiment, M. incognita infected roots were 
examined from the day one to the 27^^ day of inoculation. The 
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anatomical studies were carried out at regular intervals of time in 
order to investigate sequential changes in the formation of giant 
cells, in the development of the nematode, in the formation of 
hypertrophic and hyperplastic tissue, and development of 
abnormal vascular elements. 
The second-stage juveniles of M. incognita penetrated the 
young root tips of Ocimum sanctum within 24h of inoculation. 
Soon after penetration they migrated towards the zone oi cell 
elongation and the zone of cell differentiation. The juveniles while 
migrating towards the zone of elongation caused hypertrophy and 
hyperplasia which was established when enlarged cells with 
enlarged nuclei were observed near the body of the juvenile. 
Enlarged cells or in other words incipient giant cells enclosing 
single large nucleus with large nucleolus were observed after 48h. 
The developing giant cells having two or more nuclei were also 
observed. Their shapes changed from elongated to globular. Their 
cell walls became very thick. The root swelled up assuming the 
shape of gall after six days of inoculation. The size of giant cells, 
as well as the size of nucleus and nucleolus, also increased. The 
cytoplasm of giant cell became extremely dense and granular after 
nine days of inoculation. The shape of nuclei varied considerably 
such as globose, ovoid, elongated, triangular and even amoeboid. 
After 15 days of inoculation, the giant cells attained their largest 
size. The size of nuclei increased enormously. In some giant cells 
the nuclei were found arranged in the form of a cluster. The giant 
cells appeared to be surrounded by xylem comprising of vessel 
elements of different shapes and sizes. The nematodes after 27 
days of inoculation, developed into the form of mature females. 
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Some mature females also started egg laying. Some giai\t cells 
were devoid of cytoplasm. 
As far as abnormalities in vascular elements are concerned, 
the differentiation of vessel elements was observed near the 
developing giant cells, after 48h of inoculation. Distortion of 
vessel elements occurred after six days of inoculation. 
Hypertrophic and hyperplastic tissues were also observed near 
the giant cells after six days of inoculation. After nine days of 
inoculation, the cells near abnormal vessel elements exhibited 
hypertrophy and hyperplasia. The giant cells were found 
connected with a branch of vascular strand after 15 days of 
inoculation. After 21 days of inoculation, vessel elements of 
different shapes and sizes were found near the giant cells. The 
abnormal vessel elements adjacent to the giant cells were very 
large and their shapes resembled with the shapes of the giant 
cells. Abnormal vessel elements with thick reticulate cell walls 
were observed after 27 days of inoculation. From these 
observations, it was hypothesized that the formation of abnormal 
vessel elements in excessive amount in affected part probably 
retained water in large amount, or diverted water supply towards 
the giant cells, or acted as mechanical tissue to provide protection 
to the giant cell, or provided support to the entire gall to prevent 
it from collapsing. 
From our study it might be concluded that the giant cells 
that appeared completely surrounded by abnormal xylem 
elements were not actually completely enveloped but were 
connected with the phloem. The phloem region appeared to be the 
only preferential feeding site of the nematodes. After the 
165 
development of the giant cell, the sieve tube elements, in the 
secondary phloem appeared to be diverted towards the giant cells, 
when seen in transverse section. In this way, the supply of 
assimilates to the giant cells was not disrupted. The giant cells, 
thus obtain metabolites continuously through phloem elements. 
The second experiment was performed to ascertain the 
effects of different inoculum levels of the nematode on the growth 
and yield of the plants, on the formation of galls, on the 
development of the nematode and on the formation of abnormal 
tissues in the galls. 
The host plants responded differently to different densities 
of initial population. There are reports that low population of the 
nematodes may be harmful or beneficial or may not affect plant 
growth. The plants of 0 . sanctum responded differently to 
different population densities. At the lowest inoculum level (Pi=5 
J2), slight but non-significant decrease was observed in 
comparison to control. At higher inoculum levels the growth 
decreased significantly. The reduction in all growth as well as 
yield parameters was maximum at 5,000 J2, the highest inoculum 
level. 
The galls were scanty and very small at lowest (Pi=5 J2) 
initial inoculum level. The gall number and the gall size increased 
from lower to higher inoculum levels with the maximum at the 
highest inoculum level. The number of mature females recorded 
from plants at Pi=5j2 increased to maximum at Pi=5,000 J2. 
At lowest inoculum level one nematode was enough to 
cause the formation of giant cell complex, while at higher 
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inoculum levels more nematodes were found causing multiple 
giant cell complexes. There were great variations in the size of the 
giant cells. At lower inoculum levels, the nematodes and the giant 
cells were found at one or two places, when seen in transverse 
section. At higher inoculum levels, all the four parenchymatous 
rays were seen occupied by the nematode and the giant cell. The 
giant cell cytoplasm was more dense at lower inoculum level than 
at higher inoculum level. The amount of abnormal xylem was 
higher at higher inoculum levels than at lower inoculum levels. 
Similarly, the phloem strands were also less distorted at lower 
than at higher inoculum levels. Phloem elements were found 
associated with every giant cell cluster. 
The third experiment was designed to observe the effects of 
different inoculum levels of the nematode on growth, chlorophyll 
pigments and oil contents of the leaves of Ocimum sanctum. The 
growth parameters, amount of chlorophyll pigment, and oil 
content decreased in all the plants inoculated with the nematode. 
The reductions were higher at higher inoculum levels. 
The fourth experiment was conducted to investigate the 
effect of soil application of fly ash, in different concentrations on 
plant growth, yield, leaf chlorophyll pigmentation and oil content 
of Ocimum sanctum. In the first year of experiment an uphill trend 
in plant length, weight (fresh as well as dry), seed yield, amount 
of chlorophyll a,b and total chlorophyll and oil content was 
observed at 10% fly ash level to 30% level, whereas at the fly ash 
levels higher than 30%, a downhill trend, in same parameters was 
encountered when comparisons were made with the control. The 
second year experiment also followed the same trend with slight 
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differences. However, in the third year experiments reductions in 
all parameters, in comparison to control, were observed. This 
finding led to the conclusion that fly ash amendment did not 
favour the plant growth as it altered various characteristics of the 
soil, which in turn produce marked effects on the plants. 
In the fifth and the last experiment, the effects of fly ash and 
the root-knot nematode, Meloidogyne incognita, on O. sanctum were 
ascertained. In all the three years of experiment fly ash 
amendment caused increase in growth and other parameters of 
plants inoculated with M, incognita when compared with 
inoculated control plants grown in unamended soil. The increase 
was more pronounced in first year followed by second year. Fly 
ash, at varying concentration, influenced the nematode 
differently. Root galling, egg mass production and even 
morphometries of the nematodes was affected adversely at higher 
fly ash level. The reductions in the number of galls per plant, 
number of egg masses per plant, length and width of mature 
female, length and width of neck and stylet became more 
pronounced in second and third years of experiment. 
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